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wherein: 
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lilbitors which have a potent anti-asthmatic profile with 
excellent safety. A compound of the fomiula (1): 



(CH2)m 




A is an unsubstltuted or optionally substituted 5 or 
6 membered heteroaryl group or a fused benzene 
ring in which any of the above-defined heteroaryl 
groups Is fused to a benzene ring, 
B Is carbon or nitrogen, 

Is hydrogen, lower alkyi, trifluoromethyl, hy- 
droxy!, lower alkoxy, a residue derived from a car- 
boxylic acid or a derivative thereof, amino, or an 
amino nitrogen-containing group, 
R^ is hydrogen, halogen, cyano, nitro, lower alkylth- 
fo, lower alkylsulfinyl, lower alkylsulfonyl, trifluor- 
omethyl, hydroxyl, lower alkoxy, a residue derived 
from a carboxylic acid or a derivative thereof, ami- 
no, or an amino nitrogen-containing group, and 
m is an integer of from 1 to 8, both inclusive; 
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or a pharmaceuticaliy acceptable salt thereof possess* 
es selective PDE IV Inhibition and is useful as a phar- 
maceutical drug, preferably an anti-asthmatic, etc. 
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Description 



FIELD OF THE INVENTION 



5 [0001] The present invention relates to novel 1 ,8-naphthyridin-2(1H)-one derivatives that selectively Inhibit phos- 
phodiesterase (hereinafter, referred to as "PDE") IV. or phamriaceutically acceptable salts thereof, and to phamriaceu- 
tlcal compositions comprising the same. The present invention also relates to prophylactic and/or therapeutic drugs 
(including antiasthmatics) for diseases associated with PDE IV actions, which comprise each an effective amount of 
at least one member selected from the 1 ,8-naphthyridin-2(1 H)-one derivatives and salts thereof. 

10 

BACKGROUND OF THE INVENTION . 

[0002] PDEs are enzymes which hydroiyze intracellular cyclic AMP (cAMP) and intracellular cyclic GMP (cGMP) 
and widely distributed iii vivo In various tissues and organs. Up to now, it has been known that PDEs are classified 

IS into 7 isoenzyme families, i.e., type I to VII PDEs (PDE I to VII). according to their properties. Among them, PDE IV is 
known to be an enzyme which is predominantly present In airway smooth muscle cells and a wide variety of inflammatory 
cells, i.e., neutrophils, eosinophils, lymphocytes, etc. and selectively breaks down cAMP. In addition, it has been known 
that an elevation of cAMP levels in ainway smooth muscle cells leads to relaxation of the airway smooth muscles. An 
increase of cAMP levels in inflammatory cells has also been known to suppress an activation of inflammatory cells, 

20 including, for example, a release of cytotoxic proteins from eosinophils, etc. 

[0003] Therefore, if PDE IV predominantly located in ainway smooth muscle cells and inflammatory cells is Inhibited 
by inhibitors selective for said Isozyme fomri, an elevation of cAMP levels would be induced in such cells. As a result, 
it would be expected to elicit bronchodi later actions via relaxing ainway smooth muscles and anti-inflammatory actions 
through suppressing inflammatory cell activation. Such selective inhibitors of PDE IV would be expected to become 

25 excellent anti-asthmatte agents. 

[0004] Up to now, it has been known that theophylline which is a xanthine derivative, rolipram, which is a catechol 
derivative, etc. are Inhibitors of PDE IV. Theophylline inhibits PDE in various tissues due to its non-selectivity for indi- 
vidual isozymes, thereby exerting not only a bronchodilator activity to be targeted but also extra actions on heart, CNS, 
etc. Although rolipram is observed to be selective for PDE IV. It is easily transferred into the CNS due to its property 

30 of being absorbed. Therefore, rolipram has a drawback that it induces adverse central side-actions such as an emetic 
action. 

Under these circumstances, In order to find out phamnaceutical drugs having an excellent anti-asthmatic efficacy 
via minimizing undesirable side-actions in tissues and organs other than bronchial smooth muscles and Inflammatory 
cells, inhibitors with improved selectivity for PDE IV have been screened and examined. 
35 For instance, with an aim at such inhibitors, various compounds including diazepinoindoles (JP, A, 10-507447 

(1 998)), tri-substituted phenyl derivatives (JP, A, 1 0-504530 (1 998), JP, A, 1 0-503174 (1 998). JP, A. 1 0-5031 73 (1 998). 
etc.), naphthalene derivatives (JP. A. 10-226647 (1998)), etc.. have been proposed. 

Besides these, for the purpose of developing not only anti-asthmatics but also pharmaceutical drugs for prevent- 
ing and treating a wide range for diseases, PDE IV-inhibitory compounds having a naphthyridine ring have been pro- 
40 posed in WO 94/12499, A1; JP. A. 7-10875 (1995); WO 96/6843, A1; JP. A. 11-106385 (1999); etc. 

Further. JP. A. 63-159382 (1988) discloses 1 -substituted naphthyridine derivatives having, on the position 3. a 
substituent selected from alkyi, cycloalkyi, phenyl, phenylalkyi, etc.. which are deemed useful in the treatment of allergy, 
inflammation, and the like, though no mention Is made of PDE IV-lnhlbitIng actions. 

[0005] Such compound groups are, however, unsatisfactory in view of solving the aforementioned problems. There 
45 is still a demand for antl-asthmatlcs which exert more selective PDE IV-lnhibiting actions and have advantageous 
properties from aspects regarding efficacy and safety. 

For instance, over the past decade, many pharmaceutical companies have focused on the inhibition of PDE IV 
for the treatment of asthma. The biology of the PDE IV isozyme and the structure-activity relationship of already- 
reported inhibitors have recently been reviewed in the literature. In such processes, it has been pointed out that in 
50 general the therapeutic utility of selective PDE IV inhibitors, such as the prototypical agent rolipram, have been ham- 
pered by nausea and emesis limiting their therapeutic potential (J. Med. Chem.. 4V. 2268 to 2277 (1998)). 

SUMMARY OF THE INVENTION 

55 [0006] The present Inventors have conducted an extensive research on various compounds in order to solve the 
above problems. As a result, the present inventors have succeeded in producing novel 1 ,8-naphthyridin-2(1H)-one 
derivatives which exert selective inhibition against PDE IV. Further, the present inventors have found that the com- 
pounds of the present invention are not only unexpectedly advantageous over the conventional PDE IV inhibitors but 
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also qualified as potent inhibitors of PDE IV from aspects of phanmacological action and safety, and succeeded in 
accomplishing this invention. 

[0007] The present invention, as described hereinbelow, encompasses 1 ,8-naphthyrldln-2(1 l-l)-one derivative com- 
pounds having a heteroaryl group, or a fused benzene ring in which any of the heteroaryl groups is fused to a benzene 

5 ring, via 1 to 8 methylene chains on the 3 position of the 1 ,8-naphthyridin-2(1H)-one nucleus and pharmaceutical 
compositions comprising an effective amount of the said compound. Since the compounds of the invention are naph- 
thyridine derivatives having a heteroaryl group, or a fused benzene ring in which any of the heteroaryl groups is fused 
to a benzene ring, via 1 to 8 methylene chains on the 3 position of the 1 ,8-naphthyrldine nucleus. It is apparent that 
the inventive compounds are structurally different from 1 -substituted naphthyridine derivatives disclosed in JP, A, 

10 63-159382 (1988). As described hereinbelow, the compounds of the invention are also distinct from the compounds 
disclosed in JP, A, 63-159382 (1988) because their PDE IV-inhlbiting activity Is significantly superior to that of the prior 
art compounds. 

[0008] The present Invention provides the following: 



*5 1 ) A compound of the formula (1 ): 



20 



25 




30 wherein: 

A is an unsubstltuted or optionally substituted 5 or 6 membered heteroaryl group or a fused benzene ring In 
which any of the above-defined heteroaryl groups is fused to a benzene ring, 
B Is carbon or nitrogen, 

35 Ri is hydrogen, lower alkyi, trifluoromethyl, hydroxyl, tower alkoxy, a residue derived from a carboxylic acid 

or a derivative thereof, amino, or an amino nitrogen-containing group, 

R2 is hydrogen, halogen, cyano, nitro, lower alkylthio, lower alkylsulflnyl, lower alkylsulfonyl, trifluoromethyl, 
hydroxy!, lower alkoxy, a residue derived from a carboxylic acid or a derivative thereof, amino, or an amino 
nitrogen-containing group, and 
m is an Integer of from 1 to 8, both Inclusive; 



or a pharmaceutlcally acceptable salt thereof. 



2) The compound according to the above 1), wherein A is a 5 or 6 membered heteroaryl group and B is carbon; 
^5 or a pharmaceutlcally acceptable salt thereof. 

3) The compound according to the above 2), wherein A is pyridyl, 1-oxypyridyl, thienyl, furyt, or thiazolyl; or a 
pharmaceutlcally acceptable salt thereof. 

so 4) The compound according to the above 2), wherein A is pyridyl or 1 -oxypyridyl, and m Is from 1 to 5, both inclusive; 

or a phanmaceutlcally acceptable salt thereof. 



5) The compound according to the above 1). wherein A is a 5 or 6 membered heteroaryl group, and B is nitrogen; 
or a pharmaceutlcally acceptable salt thereof. 

6) The compound according to the above 5). wherein A Is pyridyl, 1-oxypyridyl, thienyl, furyl, or thiazolyl; or a 
pharmaceutlcally acceptable salt thereof. 
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7) The compound according to the above 1), wherein A is a fused benzene ring in which any of the above-defined 
5 or 6 mennbered heteroaryl groups Is fused to a benzene ring, and B Is carbon; or a pharmaceutlcally acceptable 
salt thereof. 

8) The compound according to the above 7), wherein A Is benzothlazolyl; or a phamiaceutlcally acceptable salt 
thereof. 

9) The compound according to the above 1), wherein A Is a fused benzene ring In which any of the above-defined 
5 or 6 membered heteroaryl groups is fused to a benzene ring, and B Is nitrogen; or a pharmaceutlcally acceptable 
salt thereof. 

10) The compound according to the above 9), wherein A Is benzothlazolyl; or a phamnaceutlcally acceptable salt 
thereof. 

11) The compound according to any of the above 1) to 10), wherein R"* Is hydrogen or lower alkyi; or a pharma- 
ceutlcally acceptable salt thereof. 

12) The compound according to any of the above 1) to 11), wherein R2 is hydrogen, halogen, cyano, nitro. lower 
alkylthio, lower alkylsulfinyl, or lower alkylsulfonyl; or a phamnaceutically acceptable salt thereof. 

1 3) 1 -(3-Nitrophenyl)-3-(pyridin-3-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one. 

14) 1 -(3-Nltrophenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyridln-2(1 H)-one. 

1 5) 1 -(3-Methylthlophenyl)-3-[3-(pyridln-4-yl)-propyl]-1 ,8-naphthyridin-2(1 H)-one. 

1 6) 1 -(Pyridin-3-yl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one. 

17) A pharmaceutical composition which comprises an effective amount of a compound according to any of the 
above 1) to 16) or a phamnaceutically acceptable salt thereof In admixture with a pharmaceutlcally acceptable 
carrier. 

1 8) A phosphodiesterase IV Inhibitor comprising an effective amount of a compound according to any of the above 
1) to 16) or a phamiaceutlcally acceptable salt thereof. 

1 9) An anti-asthmatic comprising an effective amount of a compound according to any of the above 1 ) to 1 6) or a 
pharmaceutlcally acceptable salt thereof. 

20) A drug for the prophylaxis and/or treatment of at least one member selected from diseases or abnormal con- 
ditions related to phosphodiesterase IV activity, said drug comprising an effective amount of a compound according 
to any of the above 1) to 16) or a pharmaceutlcally acceptable salt thereof. 

21) A drug comprising an effective amount of a compound according to any of the above 1) to 16) or a pharma- 
ceutlcally acceptable salt thereof, said drug for preventing and/or treating at least one disease or abnormal con- 
dition selected from the group consisting of: 

(1) respiratory diseases, Including bronchial asthma (including chronic bronchial asthma and atopic asthma), 
acute bronchitis, chronic bronchitis, asthmatic bronchitis, pneumonic diseases, pulmonary emphysema, chron- 
ic obstructive pulmonary disease (COPD), acute respiratory distress syndrome (ARDS), and the like; 

(2) Inflammatory diseases, including atopic demnatitis, conjunctivitis, urticaria, acquired immunodeficiency syn- 
drome (AIDS), keloid formation, rhinitis. Iridocyclitis, gingivitis, periodontitis, dentoalveolltis, gastritis, ulcerative 
colitis, Crohn's disease, gastrointestinal ulcer, esophagitis, myositis, encephalitis (such as myasthenia gravis, 
multiple sclerosis and neuritis), hepatitis, scar tissue formation, nephritis (including proliferative nephritis), 
peritonitis, pleurisy, sclerltis, scleroderma, scalds or bums, and the like; 

(3) systemic or local Joint diseases, Including osteoarthritis, gouty arthritis, riieumatoid arthritis, malignant 
rheumatism, psoriatic arthritis, and the like; 

(4) Inflammatory conditions associated with organ transplantation, etc., Including reperfuslon Injury, graft ver- 
sus host reaction, and the like; 
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(5) diseases related to urination, including diabetes insipidus, urethritis, urinary incontinence, cystitis, irritable 
bladder, neurogenic bladder, uremia, uriniferous tubular disorder, pollakiuria, ischuria, and the like; 

(6) diseases or abnormal conditions related to tumor necrosis factor (TNF) (for example, TNF-a, etc.) and 
other cytokines (for example, IL-I , IL-4. IL-6, etc.). including psoriasis, rheumatoid arthritis, ulcerative colitis, 

5 Crohn's disease, septicemia, septic shock, endotoxic shock, gram negative bacillus sepsis, toxic shock syn- 

drome, nephritis, hepatitis, infection (induced by bacteria and viruses), circulatory failure (heart failure, arte- 
riosclerosis, myocardial infarction, cerebral apoplexy), and the like; 

(7) proliferative diseases, including malignant tumors, leukemia, proliferative dermal diseases (keratosis and 
various types of dermatitides), connective tissue diseases and the like; 

10 (8) diseases related to nervous function abnormality, including impaired learning, memory and recognition 

related to neurodegenerative disorders such as Alzheimer's disease and Parkinson's disease, multiple lateral 
sclerosis, senile dementia, amyotrophic lateral sclerosis, acute demyellnating neuritis, muscular dystrophy, 
and the like; 

(9) diseases related to abnonmality of mental functions, including manic-depressive psychosis, schizoid, anx- 
is iety, panic, and the like; 

(1 0) diseases demanding protection of nerves and cells, including cardiac arrest, spinal cord injury, intermittent 
claudication, ischemic diseases (including angina pectoris, cardiac infarction, cerebral apoplexy, head injury, 
etc.) and the like; 

(11) endocrine diseases, including not only diabetes but also diabetic retinopathy, diabetic nephropathy, dia- 
20 betic neurosis, amyloidosis, pancreatitis, thyroiditis, obesity, prostatomegaty, and the like; 

(12) autoimmune diseases, including systemic lupus erythematosus (SLE), atrophic gastritis, thyroid diseases, 
glomerular nephritis, orchitis, adrenal diseases, hemolytic anemia, oophoritis, and the like; 

(13) cardiovascular diseases. Including hypertension, angina pectoris, heart failure, myocarditis, external ep- 
icarditis, endocarditis, valvulitis, and the like; . 

25 (14) vessel and blood system diseases, Including angiitis, aneurysm, endoangiosis, thromboangiitis, granu- 

lomatosis, cerebrovascular angiitis, arteriosclerosis, periangitis, leukopenia, thrombocytopenia, Boeck's sar- 
coid, and the like; 

(15) diseases related to immune reactions or allergic responses, including contact demnatitis, serum sickness, 
drug allergy, Goodpasture's syndrome, lymphoma, rheumatic fever, AIDS, anaphylactic shock and the like; and 
30 (16) other diseases, disorders or abnormal states, including glaucoma, spastic paralysis, impotence, diseases 

or illness accompanied with pain (contusion, headache, etc.). neck-shoulder-arm syndrome, nephropathy, 
renal insufficiency, hepatic insufficiency, obesity, etc. 

22) The drug according to the above 20) or 21) for preventing and/or treating at least one disease or abnormal 
35 state selected from the group consisting of: 

(1) respiratory diseases selected from the group consisting of bronchial asthma including chronic bronchial 
asthma and atopic asthma; acute bronchitis; chronic bronchitis; asthmatic bronchitis; pneumonic diseases; 
pulmonary emphysema; chronic obstructive pulmonary disease; and acute respiratory distress syndrome (AR- 

40 DS); and 

(2) inflammatory diseases selected from the group consisting of atopic demriatitis; conjunctivitis; urticaria; ac- 
quired immunodeficiency syndrome (AIDS); keloid formation; rhinitis; iridocyclitis; gingivitis; periodontitis; den- 
toalveolitis; gastritis; ulcerative colitis; Crohn's disease; gastrointestinal ulcer; esophagitis; myositis; encepha- 
litis such as myasthenia gravis, multiple sclerosis and neuritis; hepatitis; scar tissue fomnation; nephritis in- 

45 eluding proliferative nephritis; peritonitis; pleurisy; scleritis; scleroderma; and scalds or burns. 

23) The agent or drug according to any of the above 18) to 22) which is selected from the group consisting of oral 
pharmaceutical forms. Injections and inhalants. 

so 24) The agent or drug according to any of the above 18) to 22) which is selected from the group consisting of 

ointments, patches, solutions for external use, eyedrops, nose drops (collunaria) and suppositories. 

[0009] The above objectives and other objectives, features, advantages, and aspects of the present invention are 
readily apparent to those skilled in the art from the following disclosures. It should be understood, however, that the 
55 description of the specification including the following best modes of canying out the invention, examples, etc. is illus- 
trating preferred embodiments of the present invention and given only for explanation thereof. It will become apparent 
to the skilled In the art that a great number of variations and/or alterations (or modifications) of this invention may be 
made based on knowledge from the disclosure in the following parts and other parts of the specification without de- 
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parting from the spirit and scope thereof as disclosed herein. All of the patent publications and reference documents 
cited herein for Illustrative purposes are hereby Incorporated by reference Into the present disclosure. 

BEST MODES OF CARRYING OUT THE INVENTION 

5 

[001 0] The present Invention provides compounds, or salts thereof, having an unsubstituted or optionally substituted 
5 to 6 membered heteroaryl group or a fused ring in which any of the heteroaryl groups is contained (for example, a 
fused benzene ring in which any of the heteroaryl groups is fused to a benzene ring), via a chain comprised of 1 to 8 
members of methylene, on the position 3 of a 1 i8-naphthyridin-2(1 H)-one ring, which possess advantageous biological 

10 properties, and pharmaceutical compositions comprising at least one member selected from the aforementioned com- 
pounds and pharmaceutically acceptable salts thereof. The compounds or salts thereof are utilizable for their selective 
PDE IV-inhiblting actions. Therefore, the present invention also provides drugs for preventing and/or treating at least 
one member selected from diseases, disorders, and abnormal conditions related to an activity of PDE IV. It should be 
noted that any of 1 ,8-naphthyridln-2(1 H)-one rings known in the art prior to the present case may be adoptable without 

15 any limitations wherein such 1 ,8-naphthyridln-2(1 H)-one rings may have any of all substltuents known to be placed on 
any of positions other than the position 3 of the 1 .8-naphthyridin-2(1 H)-one ring. 
[0011] A preferred embodiment of the present invention is as follows: 

[0012] The definitions for the compounds of the above-defined formula (1 ) will be given below in detail. 

As used herein, the temi "a 5 or 6 membered heteroaryl group or a fused benzene ring in which any of the above- 
20 defined heteroaryl groups is fused to a benzene ring" refers to a 5 or 6 membered heteroaryl group containing 1 or 2 
heteroatoms selected from the group consisting of N, S, and O; or a fused benzene ring in which any of the above- 
defined heteroaryl groups is fused to a benzene ring. Representatives of such heteroaryl groups and fused benzene 
rings Include pyrrolyl, pyridyl, 1-oxypyridyI, thienyl, furyl, imidazolyl, thiazolyl, oxazolyl, indolyl, quinolyl, benzothienyl, 
benzofuranyl, benzimidazolyl, benzothlazolyl, benzoxazolyl, etc. Among them, preferred groups include pyridyl, 1-ox- 
25 ypyridyl, thienyl, furyl, thiazolyl, and benzothiazolyl. Particularly, pyridyl and 1-oxypyridyl are preferable. Examples of 
the pyridyl are 2-pyridyl, 3-pyridyl, 4-pyridyI, etc. 

The heteroaryl group and the fused benzene ring may be unsubstituted or optionally substituted with one or more 
substltuents. The substltuents include lower alkyi, lower alkoxy, hydroxyl, halogen, nitro, halogen-substituted lower 
alkyl. lower alkylthio, lower alkytsulflnyl, lower alkylsulfonyl, cyano, a residue derived from carboxyllc acids and deriv- 
30 atlves thereof, such as alkoxycarbonyl, and an amino nitrogen-containing radical such as di-lower alkylamlno. 

As used herein, the term "lower alkyl" refers to alkyl containing 1 to 4 carbon atoms, such as methyl, ethyl, propyl, 
and isopropyl. 

The term "halogen" as used herein refers to fluorine, chlorine, bromine, and the like. 

The term "lower alkylthio" refers to alkylthio containing 1 to 4 carbon atoms, such as methylthio, ethylthio, pro- 
35 pylthio, and isopropyithio. 

The term "lower alkylsulfinyl" refers to alkylsulflnyl containing 1 to 4 carbon atoms, such as methylsulflnyl, ethyl- 
sulfinyl, propylsulfinyl, and isopropylsulflnyl. 

The terni "lower alkylsulfonyl" refers to alkylsulfonyl containing 1 to 4 carbon atoms, such as methylsulfonyl, 
ethylsulfonyl, propylsulfonyl, and Isopropylsulfonyl. 
40 As used herein, the term "lower alkoxy" refers to alkoxy containing 1 to 4 carbon atoms, such as methoxy, ethoxy, 

propoxy, and isopropoxy. 

[0013] Preferred compounds according to the present invention have the structural fonnula (1 ). Still more preferred 
compounds according to the present invention have the structural formula (1) wherein A Is pyridyl or 1-oxypyridyl; and 
m is selected from 1 to 5. 
45 [0014] Representative examples of compounds of the invention include the following: 

1 -(3-Nitrophenyl)-3-(pyridin-2-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-(pyridln-3-ylmethyl)-1 ,8-naphthyridln-2(1 H)-one, 

1 -(3-Cyanophenyl)-3-(pyridin-4-ylmethyl)-1 ,8-naphthyridln-2(1 H)-one, 
50 1 -(3-Nitrophenyl)-3-(pyridin-4-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[2-(pyridin-2-yl)ethyl]-1 ,8-naphthyridin-2(1 H)-one. 

1 -(3-Nltrophenyl)-3-[2-(pyridin-3-yl)ethyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[2-(pyridin-4-yl)ethyl]-1 ,8-naphthyridln-2{1 H)-one, 

1 -(3-Nitrophenyl)-3-{3-(pyridin-2-yl)propyl]-1 .8-naphthyridln-2(1 H)-one, 
55 1 -(3-Nitrophenyl)-3-[3-{pyridin-3-yl)propyl)-1 ,8-naphthyridln-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2{1 H)-one, 

1-(3-Nltrophenyl)-3-[3-(1-oxypyridin-4-yl)propyl]-1,8-naphthyridin-2(1H)-one, 

1 -(3-Gyanophenyl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2{1 H)-one, 
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1 -(3-ChlorophenyI)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Methylthiophenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyridln-2(1 H)-one, 

1 -(3-Methylsulfinylphenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyrjdin-2(1 H)-one, 

1 -(3-Methylsulfonylphenyl)-3-[3-(pyridin-4-yI)propyl]-1 ,8-naphthyrldln-2(1 H)-one, 

1 -(3-Methylsulfonylphenyl)-3-[3-(1 -oxypyrldln-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

7-Methyl-1 -(3-nitrophenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyridjn-2(1 H)-one, 

7-Methyl-1 -(3-methy!thiophenyl)-3-[3'{pyridin-4-yl)propyl]-1 ,B-naphthyridin-2(1 H)-one, 

1 -(3-N!trophenyl)-3-[4-(pyridin-2-yl)butyl]-1 ,8-naphthyridin-2{1 H)-one. 

1-(3-Nitrophenyl)-3-[4-(pyridin-3-yl)butyl]-1,8-naphthyridin-2(1H)-one, 

1 -(3-Nitrophenyl)-3-[4-(pyrldin-4-yl)butyl]-1 .8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[5-(pyridin-2-yl)pentyl]-1 ,8-naphthyridln-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[6-(pyridin-3-yl)pentyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[5-(pyridin-4-yl)pentyl]-1 ,8-naphthyridln-2(1 H)-one 

1 -(3-Nitropheny()-3-[6-(pyrldin-4-yl)hexyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[7-(pyrldin-4-yl)heptyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[2-(2-thienyl)ethyl]-1 ,8-naphthyridin-2{1 H)-one, 

1 -(3-Nitrophenyl)-3-[2-(3-thienyl)ethyl]-1 ,8-naphthyridin-2(1 H)-one. 

1 -(3-Nitrophenyl)-3-[3-(2-f uryl)propyl]-1 ,8-naphthyridln-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[3-(3-furyi)propyl]-1 ,8-naphthyridin-2(1 H)-one. 

1 -(3-Nitrophenyl)-3-[3-(thiazol-2-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(3-Nitrophenyl)-3-[2-(benzothiazol-2-yl)ethyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -{3-Nitrophenyl)-3-[3-(benzothiazol-2-yl)propyl]-1 ,8-naphthyrldin-2(1 H)-one, 

1 -{3-Nitrophenyl)-3-[4-(benzothiazof-2-yl)butylJ-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridin-2-yl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridin-3-yl)-3-[2-(pyridin-4-yl)ethyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridin-3-yl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridin-3-yl)-3-[4-(pyiidin-4-yl)butyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridm-4-yl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, 

1 -(Pyridin-3-yl)-3-[2-{benzothiazoI-2-yl)ethyI]-1 ,8-naphthyridin-2(1 H)-one, and 

1 -(Pyridin-3-yl)-3-[2-{benzothlazol-2-yl)propyI]-1 ,8-naphthyridin-2(1 H)-one* 

[0015] As used herein, 'the compound(s) of the present invention" may include salts thereof, hydrates and solvates 
thereof, a variety of prodrug forms derived from functional groups existing in compound molecules. The prodrugs of 
the compounds according to the present invention Include those compounds which can be transfomned in vivo, for 
example, by metabolic processes, Including hydrolysis, oxidation, reduction, trans-esterification, and the like, to yield 
the parent compounds of the fomnula (1), etc. Representatives of such prodrugs are ester-, ether-, amide-, alcohol-, 
and amine-derivatives thereof. Preferred compounds according to the present invention are potently active in the In- 
hibition of IV-type phosphodiesterases. 

Some of the compounds of fonmula (1 ) may exist In more than one tautomeric form. This invention extends to all 
tautomeric forms. The compounds of the instant invention may also contain one or plural asymmetric carison atoms 
and thus give rise to optical Isomers such as (R)- and (S)-isomers, racemates, dlastereo isomers, etc. The present 
invention includes alt such possible isomers, and their racemic and resolved, enantiomerically pure forms, as well as 
all mixtures thereof. The compounds of the invention may be isolated in the f onn of hydrates, solvates with, for example, 
ethanol and the like, and a variety of crystalline substances. 

[0016] The present invention also encompasses pharmaceutically acceptable salts of the naphthyridine derivative 
having the formula (1). Such salts Include those fomied from any of medically or pharmaceutically utilizable non-toxic 
or low toxb Inorganic or organic acids. Examples of the salts are hydrochloride, hydrobromate, sulfate, acetate, pro- 
pionate, citrate, succinate, tartrate, methanesulfonate, p-toluenesulfonate, etc. 

[0017] The compounds of the present Invention can be prepared by one of various routes. For instance, the com- 
pounds of the formula (1) can be prepared by one of the following schemes or modifications thereof: 
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Scheme (I) 



[0018] In the aforementioned Scheme, the compounds of the fomriula (1) wherein A, B, R"*, R2 and m, all have the 
meanings given above can be prepared by condensing a compound of the formula (2) wherein B, R"" and R^, all have 
the meanings given above with a compound of the formula (3) wherein R^ is lower alkyi, and m and A, both have the 
meanings given above in the presence of a base. 

In the compounds of the formula (3), the lower alkyt for R3 has the same meaning as in the above-defined com- 
pounds of the formula (1 ) and refers to alkyI containing 1 to 4 carbon atoms, such as methyl, ethyl, propyl, and isopropyl. 

Bases used in this condensation may include alkali metal amides, alkali metal hydrides, alkyI lithium, aryl lithium, 
and the like. Examples of the base are lithium dilsopropylamlde (LDA), sodiunri bistrimethylsilylamide, potassium hy- 
dride, methyl lithium, phenyl lithium, etc. The reaction can be conducted In the presence of or in the absence of a 
solvent. When the reaction is conducted in solvents, it Is often convenient to use conventional solvents which are free 
from any adverse action on the reaction. Preferred examples of such solvents are tetrahydrofuran (THF), diethyl ether, 
methylene chloride, etc. The reaction temperature range Is about -80 to 100**C and preferably about -80**C to room 
temperature. 

[001 91 In the aforementioned Scheme (I), the compounds of thefomiula (2) can be prepared by one of known methods 
(e.g., JP, A, 62-158281 (1987); JP, A. 62-228076 (1987); etc.) or modifications thereof. 

[0020] In the aforementioned Scheme (I), the compounds of the formula (3) can be prepared, for example, by one 
of the synthetic routes described herein. The disclosures given below illustrate the preparation of compounds of the 
formula (3) wherein A Is pyridyl. For Instance, the compounds of the fonmula (3) wherein A is pyridyl and m Is 1 , 2 or 
3, can be prepared according to one of Schemes (lla), (lib) and (lie) outlined as follows: 




Scheme (Ila) 
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^^f^ CH2(COOEt)2 ^^^^^ 

f '^-Gh'^hz ^ r 4-CH2CH2CH(COOEtte 

(CH2)2CH2COOH ^- I -||— (CH2)2CM2COOR* 

(10) Pb) 

Scheme (lib) 



<El0)iP(0)CH2CM««CHC00rt» ^^.^ 



(3C) 



W (12) 

Scheme (lie) 



30 [0021] Described below is an illustration for each production process. 
Schenne (lla) : 

[0022] A pyridylacrylic acid ester (6) can be prepared by condensing a pyridine aldehyde (4) with a dlethytphospho- 
35 noacetic acid lower alkyi ester of the formula (5) wherein has the same meaning as defined above in the presence 
of a base such as sodium hydride. Next, a compound of the formula (3) wherein A Is pyridyl and m Is 1 (Compound 
(3a)) can be prepared by reduction of the compound (6). The reduction of the compound (6) can be effected generally 
by hydrogenation in the presence of a suitable catalyst such as palladium on carbon. 

40 Scheme (lib): 

[0023] A compound (9) can be prepared by addition of ethyl malonate (8) to vinylpyridine (7) In the presence of a 
suitable base such as sodium methoxide or sodium ethoxide. Next, the compound (9) can be hydrolyzed under acidic 
conditions (for example, with cone, hydrochloric acid) and then decarboxylated to give a carboxyllc acid derivative (1 0). 
45 A compound of the formula (3) wherein A is pyridyl and m is 2 (Compound (3b) can be prepared by esterif ication of 
the cartDOxylic acid derivative (10) with a lower alkyI alcohol of the fomriula: R^OH wherein R^ has the same meaning 
as defined above. It should be noted that the aforementioned compounds (3b) may be prepared by processes entirely 
different from the Scheme (lib), i.e., they can be prepared according to the procedure of Synthetic Example 7 given 
below. 



Scheme (lie) : 



[0024] A compound (12) can be prepared by condensing a pyridine aldehyde (4) with a diethylphosphonocrotonic 
acid lower alky! ester of the formula (11) wherein R^ has the same meaning as defined above in the presence of a 
55 base such as LDA, Next, a compound of the fonnula (3) wherein A is pyridyl and m is 3 (Compound (3c)) can be 
prepared by reduction (for example, catalytic reduction) of the compound (12). In this Scheme, the catalytic reduction 
may be effected by techniques similar to the reduction in the Scheme (lla). 

[0025] The compounds of the fomnula (3) wherein A is pyridyl and m Is selected from 4 to 8 (Compound (3d)), can 
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be prepared according to the Scheme (lid) outlined as follows: 



BNCH2)mCOOH ► Brpn»h3{CHa)mCO0H — ^ 

(13) (14) ^^Q^ 

3)CICH3CN 

r^^^— CH=CHKCH2)m.iCOOCM2CI*-~j^ j^^^^^— CH=CH-(CH2)m.iCOOR3 



I +-(CH2)n,CH2COOR» 



Scheme (Ud) 



wherein m is an Integer selected from 4 to 8, both Inclusive. 

[0026] A bromoalkyi carboxyllc acid (13) is reacted with triphenylphosphine to produce a phosphonium salt (14) 
which is then treated with a base prepared from sodium hydride and dimethylsulfoxide (DMSO) to give a phosphorane. 
The resultant phosphorane is reacted with a pyridine aldehyde (4) followed by treatment with chloroacetonitrile. The 

30 resulting cyanomethyl ester derivative (15) Is subjected to a trans-esterlfication using a lower alkyi alcohol of the for- 
mula: R^OH wherein has the same meaning as defined above in the presence of a catalytic amount of triethylamine 
to produce a lower alkyI ester derivative (16) which is then reduced to give a compound of the formula (3) wherein A 
is pyrldyl and m is selected from 4 to 8 (Compound (3d)). It should be noted that the reduction of the lower alkyI ester 
derivative (16) may be conducted by techniques similar to the catalytic reduction in the Scheme (Ha). 

35 The aforementioned Schemes (lla) to (lid) and suitable modifications thereof are adoptable for preparing com- 

pounds of the formula (3) wherein A is a 5 or 6 membered heteroaryl group or a fused benzene ring In which any of 
the heteroaryl groups is fused to a benzene ring, other than pyridyl. For the Scheme (I), it should be noted that the 
compounds of the formula (3) wherein A Is benzothiazolyl can be prepared according to methods known to those skilled 
in the art (e.g., JP, A, 8-208631 (1996). etc.). 

40 [0027] The compounds of the present Invention so prepared may be isolated or purified as free forms per se or in 
the form of salts after being subjected to conventional salt-forming treatments. The isolation and purification can be 
effected by adaptations of ordinary chemical operations Including, for example, extraction, concentration, distillation, 
crystallization, filtration, recrystalllzatlon, various chromatographic techniques, etc. Various isomers can be separated 
by conventional methods utilizing a difference of physico-chemical properties among such isomers. For example, ster- 

45 eochemically pure isomers can be obtained from racemic mixtures by an ordinary racemic resolution (for example, by 
first converting said racemic mixtures with usual optically-active acids (including tartaric acid, etc.) to diastereomer 
salts followed by optical resolution, etc.). Diastereomers can be separated by ordinary methods such as selective 
crystallization or chromatographic techniques. Pure optically-active Isomeric fomris of the compounds of the present 
invention may also be obtained from the pure optically-active isomerte forms of the appropriate starting materials and 

50 intennediates. 

[0028] The compounds of the present invention are potent inhibitors of PDE IV. The compounds of the present In- 
vention are thus of use in the prophylaxis and treatment of diseases and abnonnal states related to PDE IV actions. 
In particular, the compounds of the present invention are effective as prophylactic or therapeutic agents for diseases 
and conditions associated with an abnormal enzymatic or catalytic activity of PDE IV. The compounds of the present 
55 invention are of use in medicine, especially In the prophylaxis and treatment of: 

(1) respiratory diseases, Including, for example, bronchial asthma (including chronic bronchial asthma and atopic 
asthma), acute bronchitis, chronic bronchitis, asthmatic bronchitis, pneumonic diseases, pulmonary emphysema. 
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chronic obstaictive pulmonary disease (COPD), acute respiratory distress syndrome (ARDS), and the like; 

(2) Inflammatory diseases, including, for example, atopic dermatitis, conjunctivitis, urticaria, acquired Immunode- 
ficiency syndrome (AIDS), keloid fomiatlon. rhinitis, iridocyclitis, gingivitis, periodontitis, dentoalveolltis, gastritis, 
ulcerative colitis, Crohn's disease, gastrointestinal ulcer, esophagitis, myositis, encephalitis (such as myasthenia 

5 gravis, multiple sclerosis and neuritis), hepatitis, scar tissue fomnation, nephritis (including proliferative nephritis), 

peritonitis, pleurisy, scleritis, scleroderma, scalds or bums, and the like; 

(3) systemic or local joint diseases, including, for example, osteoarthritis, gouty arthritis, rheumatoid arthritis, ma- 
lignant rheumatism, psoriatic arthritis, and the like; 

(4) Inflammatory conditions associated with organ transplantation, etc., including, for example, reperfusion Injury, 
10 graft versus host reaction, and the like; 

(5) diseases or symptoms related to urination, including, for example, diabetes insipidus, urethritis, urinary Incon- 
tinence, cystitis, Inritable bladder, neurogenic bladder, uremia, uriniferous tubular disorder, pollakiuria, ischuria, 
and the like; 

(6) diseases or abnormal conditions related to tumor necrosis factor (TNF) (for example, TNF-a , etc.) and other 
15 cytokines (for example, IL-1, IL-4. IL-6, etc.), including, for example, psoriasis, rheumatoid arthritis, ulcerative 

colitis, Crohn's disease, septicemia, septic shock, endotoxic shock, gram-negative bacillus sepsis, toxic shock 
syndrome, nephritis, hepatitis, infection (induced by bacteria and viruses), circulatory failure (heart failure, arteri- 
osclerosis, myocardial infarction, cerebral apoplexy), and the like; 

(7) proliferative diseases, including, for example, malignant tumors, leukemia, proliferative dermal diseases (kera- 
20 tosis and various types of dermatitides), connective tissue diseases and the like; 

(8) diseases related to nervous function abnormality, including, for example, impaired learning, memory and rec- 
ognition associated with neurodegenerative disorders such as Alzheimer's disease and Parkinson's disease, mul- 
tiple lateral sclerosis, senile dementia, amyotrophic lateral sclerosis, acute demyelinating neuritis, muscular dys- 
trophy, and the like; 

25 (9) diseases related to abnormality of mental functions, including, for example, manic-depressive psychosis, schiz- 

oid, anxiety, panic, and the like; 

(10) diseases demanding protection of nerves and cells, including, for example, cardiac an^est, spinal cord Injury, 
Intermittent claudication, ischemic diseases (including, for example, angina pectoris, cardiac infarction, cerebral 
apoplexy, head injury, etc.) and the like; 
30 (11) endocrine diseases, including not only diabetes but also diabetic retinopathy, diabetic nephropathy, diabetic 

neurosis, amyloidosis, pancreatitis, thyroiditis, obesity, prostatomegaly, and the like; 

(12) autoimmune diseases, including, for example, systemic lupus erythematosus (SLE), atrophic gastritis, thyroid 
diseases, glomerular nephritis, orchitis, adrenal diseases, hemolytic anemia, oophoritis, and the like; 

(13) cardiovascular diseases, including, for example, hypertension, angina pectoris, heart failure, myocarditis, 
35 external epicarditis, endocarditis, valvulitis, and the like; 

(14) vessel and blood system diseases, including, for example, angiitis, aneurysm, endoanglosis, thromboangiitis, 
granulomatosis, cerebrovascular angiitis, arteriosclerosis, periangitis, leukopenia, thrombocytopenia. Boeck's sar- 
coid, and the like; 

(15) diseases related to immune reactions or allergic responses, Including, for example, contact dermatitis, serum 
40 sickness, drug allergy, Goodpasture's syndrome, lymphoma, rheumatic fever, AIDS, anaphylactic shock and the 

like; and 

(1 6) other diseases, disorders or abnomnal states, including, for example, glaucoma, spastic paralysis. Impotence, 
diseases or illness accompanied with pain (contusion, headache, etc.), neck-shoulder-arm syndrome, nephropa- 
thy, renal insufficiency, hepatic insufficiency, obesity, etc. 

45 

It is known that the aforementioned diseases and abnomrial conditions would be related to an activity of PDE IV. 
[0029] Partteularty, the compounds of the present invention act as prophylactto and/or therapeutic drugs for: 

(a) respiratory diseases (including, for example, bronchial asthma including chronic bronchial asthma and atopic 
50 asthma; acute bronchitis; chronic bronchitis; pneumonic diseases; pulmonary emphysema; chronic obstructive 

pulmonary disease; acute respiratory distress syndrome (ARDS); etc.); 

(b) Inflammatory diseases (including, for example, atopic demiatltis; conjunctivitis; urtrcaria; acquired immunode- 
ficiency syndrome (AIDS); keloid formation; rhinitis; iridocyclitis; gingivitis; periodontitis; dentoalveolltis; gastritis; 
ulcerative colitis; Crohn's disease; gastrointestinal ulcer; esophagitis; myositis; encephalitis (e.g., myasthenia 

55 gravis, multiple sclerosis and neuritis); hepatitis; scar tissue formation; nephritis Including proliferative nephritis; 

peritonitis; pleurisy; scleritis; scleroderma; scalds or burns; etc.); and 

(c) diseases or abnonnal conditions related to tumor necrosis factor (TNF) and other cytokines (e.g., IL-1, IL-6, 
etc.) (Including, for example, psoriasis, riieumatoid arthritis, ulcerative colitis, Crohn's disease, septicemia, septto 
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shock, endotoxic shock, gram-negative bacillus sepsis, toxic shock syndrome, nephritis, hepatitis, Infection (in- 
duced by bacteria and viruses), circulatory failure (e.g., heart failure, arteriosclerosis, myocardial infarction, cere- 
bral apoplexy, etc.), and the like). 



5 [0030] More preferably, the compounds of the present invention act as drugs for preventing and/or treating at least 
one disease or abnormal state selected from respiratory diseases (including, for example, bronchial asthma including 
chronic bronchial asthma and atopic asthma; acute bronchitis; chronic bronchitis: pneumonic diseases: pulmonary 
emphysema; chronic obstructive pulmonary disease; acute respiratory distress syndrome (ARDS); etc.). Among them, 
the compounds of the present invention are most preferably effective as prophylactic and/or therapeutic drugs for 

10 bronchial asthma. 

[0031] The compounds of the present invention are partfculariy useful in treating or preventing diseases or abnormal 
states because they are significantly less emetic than the prior art PDE IV inhibitors. The compounds of the present 
invention are effective in treating or preventing diseases or abnomial states wherein they are required to be adminis- 
tered systemicatly or iocaity. 

15 Thus, the present invention encompasses phamriaceutteal compositions comprising an effective amount of at 

least one member selected from the above-defined compounds (1 ) and phamriaceutically acceptable salts thereof, and 
not only inhibitors of PDE IV but also phamiaceutical drugs for preventing or treating at least one member selected 
from diseases and abnormal conditions related to an activity of PDE IV, more preferably anti-asthmatic agents. 

As aforementioned, since PDE IV is predominantly in vivo located in ainway smooth muscle cells and Inflammatory 

20 cells, the compounds of the present Invention inhibit selectively PDE IV In these ceils, thereby exerting a bronchodilator 
action via relaxing ainvay smooth mueclee, together with an anti-Inflammatory action through suppressing inflammatory 
cell activation. Hence, the compounds of the present invention are widely effective in ameliorating a variety of unde- 
sirable responses and symptoms raised with regard to asthma. 

[0032] The following disclosure Is to Illustrate an anti-asthmatic efficacy of the compounds of the present invention 
25 jn detail: 

It Is known that a series of responses, such as an immediate asthmatic response, a delayed asthmatic response, 
and a hypersensitive airway response, are induced when an asthmatic patient inhales antigens which cause the dis- 
ease. 

First, the immediate asthmatic response that begins Immediately after inhalation of antigens is a typical airway 
30 smooth muscle constrictive reaction Induced by chemical mediators (including histamine, leukotrienes, etc.) which are 
released from mast cells as a result of antigen-antibody interactions. Later the delayed asthmatic response is observed, 
which occurs within 4 to 24 hours after the inhalation of antigens. For its pathologrcal states, an Infiltration of inflam- 
matory cells Into lung tissues, airway mucosa edema, etc. are observed. Thereafter, the hypersensitive ainvay response 
is further elicited, which occurs within 1 to 14 days after the Inhalation of antigens and is a state wherein the airway 
33 reactivity is Increased. In such a stage, even quite mild stimuli lead to constriction of the airway and occurrence of 
serious airway obstruction. 

[0033] As aforementioned, various responses and symptoms appear In asthma. The compounds of the present in- 
vention can exert an excellent inhibitory and/or ameliorating activity on such responses and symptoms at each stage, 
relying on their bronchodilator and anti-Inflammatory actions based on the inhibition of PDE IV. 
40 In addition, since the PDE-inhibiting action exerted by the compounds of present invention is highly selective 

against PDE IV but less selective for other isoenzymes located In certain tissues such as CNS and heart, it may be 
possible to avoid side-effects (for example, spasm, tachycardia, palpitation, etc.) caused by the inhibition of these 
isoenzymes when the present Invention is applied, 

[0034] Diseases and abnomnal states to be targeted by the therapy using the compounds of the present invention 
45 include the aforementioned diseases and abnormal conditions, preferably diseases and abnormal conditions accom- 
panied with respiratory dysfunctions and Inflammation at the area of bronchus and airway. Embodiments of such dis- 
eases include bronchial asthma, chronic bronchial asthma, acute bronchitis, chronic bronchitis, asthmatic bronchitis, 
pulmonary emphysema, and other bronchus and ainway Inflammatory states, etc. It Is noted that chronic bronchitis and 
pulmonary emphysema may also be generically termed chronic obstructive pulmonary disease. 
50 [0035] For patients with the foregoing diseases, disorders, and abnomial states, the compounds of the present In- 
vention can be used independently without any additives, but preferably In admixture with any of pharmaceutically 
acceptable additives. The compounds of the present invention may be orally, parenterally (including by Injection), 
topically (including by inhalation) administered as pharmaceutical compositions or fomnulatlons. One or more compo- 
nents selected from known phanmaceuttoal additives (hereinafter also referred to "pharmaceutical ingredient(s)") can 
S5 be employed in the aforementioned phanmaceutical compositions or fonnutatlons for any of administration routes. 
Embodiments of such known pharmaceutical additives may be suitably selected, according to administration routes 
and applications of phamriaceutically fonnutated forms, from components as disclosed In, for example. 
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(1 ) "lyakuhin Tenkabutsu Handbook (Handbook of PHARMACEUTICAL EXCIPIENTS)", Mamzen Publishing Com- 
pany, Japan (1989); 

(2) "lyakuhin Tenkabutsu Jiten (Phamiaceutical Excipient Dictionary)", First Edition, K.K. Yakuji Nippo Sha, Japan 
(1994); 

(3) "lyakuhinTenkabutsu Jiten Tsulho(Phanmaceutical Excipient Dictionary, Supplement)", First Edition, K.K. Yakuji 
Nippo Sha, Japan (1995); and 

(4) "Yakuzaigaku (Phamiaceutics)", 5th Edition, K.K. Nankodo, Japan (1997). 

[0036] For oral administration, the aforementioned additives are any pharmaceutical Ingredients as long as they are 
suitable for oral drugs and the intended purposes according to the present invention. Usually, the pharmaceutical 
additive is selected from conventional phamiaceutical ingredients such as vehicles, binders, disintegrants, lubricants 
and coating agents. The oral formulations of the present invention include tablets, capsules, granules, fine granules, 
powders, syrups, etc. The oral drug includes controlled-release system preparations wherein the ]n vivo release of the 
compound of the present invention which is contained as the active ingredient is controlled using any of known phar- 
maceutical ingredients (for example, immediate-release preparations, sustained-release preparations, etc.). The afore- 
mentioned oral drug may include enteric preparations. In some cases, it is rather preferable that the oral drugs are 
prepared in the fomri of such enteric preparations. Such enteric preparations Include coated or matrix formulations 
using any of enteric coating agents such as cellulose phthalate, hydroxypropyi methylcellulose phthalate, and methyl 
methacrylate-methacrylic acid copolymers, among the coating agents given below, and capsule formulations wherein 
any of the enteric coating agents is contained as an ingredient for their coat. 

[0037] Embodiments of phanmaceutical ingredients as used for the aforementioned oral drugs are listed below but 
not limited to: 

1) representatives of fillers: 

lactose, starch (including corn starch), crystalline cellulose, microcrystalline cellulose, crystalline cellulose- 
carboxymethyiceliulose sodium, dextrin, sucrose, glucose, mannitol, calcium cari3onate, calcium phosphate, 
calcium sulfate, calcium silicate. Crosspovidone, dried yeast, and soybean oil unsaponifiable fractions; 

2) representatives of binders: 

starch (including corn starch), gelatin, gum acacia, hydroxypropyi cellulose (HPC), methylcellulose (MC), car- 
boxymethyiceliulose (CMC), polyvinyl-pyrrolidone (PVP), ethylcellulose (EC), glucose, and sucrose; 

3) representatives of disintegrants: 

starch (including corn starch), agar, gelatin, CMC-Na, CMC-Ca, crystalline cellulose, crystalline cellulose- 
carboxymethylcellulose sodium, low-substituted HPC, Crosspovidone, calcium carbonate, and sodium bicar- 
bonate; 

4) representatives of lubricants: 

magnesium stearate, hydrogenated vegetable oil, talc, Macrogol, and light anhydrous silicic acid; and 

5) representatives of coating agents: 

sucrose, HPC, shellac, gelatin, glycerin, sorbitol, EC, HPC, hydroxypropyi methylcellulose (HPMC), PVP, cel- 
lulose acetate phthalate (CAP), hydroxypropyi methylcellulose phthalate (HPMCP), methyl methacrylate- 
methacrylic acid copolymers, and titanium oxide. 

[0038] For injection, the additives include pharmaceutical ingredients suitable for aqueous or non-aqueous injections. 
Usually, the additive is selected from conventional phanmaceutical ingredients such solubillzers, solution adjuvants, 
suspending agents, buffers (pH regulators), stabilizers and preservatives. In addition, it may be selected from conven- 
tional ingredients suitable for preparing powders for Injection, which are used in solution or suspension when admin- 
istered. 

Representatives of said solubillzers for injections include water for injection, physiologrcal saline. Ringer's solu- 
tion, vegetable oil (for example, olive oil, sesame oil, soybean oil), ethanot, propylene glycol, polyethylene glycol, 
glycerin, N,N-dimethylacetamide, N-methyl-2-pyrrolldone, etc. Representatives of said solution adjuvants, suspending 
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agents, buffers (pH regulators), stabilizers and presen/atlves for injections Include polyethoxylated hydrogenated castor 
oil. ethylene diamine, benzyl alcohol, Polysorbate 80, carboxynnethylcellulose sodium, sodium hydroxide, sodium cit- 
rate, sodium acetate, potassium dihydrogen phosphate, sodium hydrogen sulfite, ascorbic acid, methyl parahydroxy- 
benzoate, propyl parahydroxybenzoate, chlorobutanol, etc. Representatives of said constituents for powdered Injec- 

5 tions include glucose, sorbitol, etc. 

[0039] When administered topically, for example, via Inhalation, etc., the aforementioned additives as used herein 
include any of phamnaceutlcal ingredients Icnown in the art, such as solution adjuvants, stabilizers, buffers, suspending 
agents, emulsifying agents, and preservatives. Embodiments of inhalants include aerosols. Aerosol-producing tech- 
niques are any of types including a spraying type wherein active drug ingredients are packed together with propellents 

10 such as fluorocarbon alternatives Into a sealed container and sprayed, and a nebulizer or atomizer type using a pres- 
sured gas, such as carbon dioxide and nitrogen, filled in a container different from that for active drug ingredients. 
[0040] For said aerosols, representatives of phamnaceutlcal ingredients such as propellants, solution adjuvants, sta- 
bilizers, buffers, suspending agents, emulsifying agents, and preservatives, include chlorine-free fluorinated hydrocar- 
bons [e.g., 1,1,1,2-tetrafluoroethane (HFA-134a), 1 ,1 .1 ,2,3,3,3-heptafluoropropane (HFA-227), etc.], alcohol, propyl- 

15 ene glycol, polyethylene glycol, Polysorbate 80, glycerin, egg yoll< lecithin, soybean lecithin, a -tocopherol, ascorbic 
acid, benzalkonium chloride, chlorobutanol, etc. Besides, when the aerosols are prepared in the form of nebulizers or 
atomizers as aforementioned, the pharmaceutteal ingredients as used may include water for injection, purified water, 
etc. Further, the inhalants may also be prepared in the fonn of not only sprays wherein any of the above-defined 
propellants Is used, nebulizers or atomizers, but also powders. Such powder inhalants can be in any of fonns similar 

20 to available powder inhalants in the art (e.g., INTAL (registered trademark) capsule and metered-dose inhaler: SPIN- 
HALER (registered trademark); for administration of sodium chromoglicate). 

[0041] In addition to the aforementioned Inhalants, the compounds of the present Invention may be administered 
topically in the form of ointments, transdemiic patches, solutions for external use, eyedrops, nose drops or supposi- 
tories. Such topical pharmaceutical preparations may suitably contain pharmaceutical Ingredients as disclosed In the 
25 aforementioned "lyakuhin Tenkabutsu Handbook (Handbook of PHARMACEUTICAL EXCIPIENTS)", "lyakuhin Tenka- 
butsu Jiten (Phamnaceutlcal Exciplent Dictionary)", etc. 

[0042] Desired oral drugs, injections or drugs for topical applications (including inhalants) comprising the compound 
of the present invention in admixture with the aforementioned Ingredient can be prepared according to manufacturing 
methods known £er se, for example, those described in The 13th Pharmacopoeia of Japan (JPXIH) or appropriately 
30 modified ones. 

The pharmaceutical compositions (drugs) of the present Invention are administered to mammals, particularly 
including human. The doses of these compounds or salts thereof are usually about 0.1 to 1 ,000 mg (per day), preferably 
about 0.1 to 500 mg (per day) for oral administration; usually about 0.01 to 200 mg (per day), preferably about 0.05 to 
1 00 mg (per day) for Injection; and usually about 0.01 to 200 mg (per day), preferably about 0.05 to 1 00 mg (per day) 
33 for topical applications. Specific administration routes and dose levels (Including the optimal dose) for any particular 
patient will be employed depending upon a variety of factors including the patients conditions (general health, the 
severity of the particular disease or symptom undergoing therapy, the presence or absence of complications thereof, 
etc.). the age. sex. body weight, and the like. 

40 Examples, etc. 

[0043] Described below are examples, Including assay examples, synthetic examples and formulation examples, of 
the present Invention which are provided onlyfor illustrative purposes, and notto limit the scope of the present invention. 
All the examples were carried out or can be can-led out, unless otherwise disclosed herein specifically, by standard 
45 techniques which are well known and conventional to those skilled in the art. 

Assay Examples 

[0044] Described below are examples of pharmacological assays for the efficacy and safety of the compounds (1) 
50 of the present Invention wherein their protocols and results are provided. 

Assay Example 1 

PDE Inhibition 

55 

<Protocol> 

[0045] The assays for PDE activity were conducted according to Nicholson et al. method (Br. J. PhamriacoL, 97, 889 
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(1989)). 

Among PDE isozymes, type I, II. Ill and IV POEs as used herein were separated from porcine hearts by using 
an anion exchange chromatography. Type V PDE was also separated from porcine aortae with an anion exchange 
chromatography and used herein. 
5 Each PDE isozyme was admixed with ethylene glycol (EG) to adjust the final EG concentration to 30%, then 

stored at -20 °C and diluted when used. The enzymatic activity for PDE I and V was measured using cGMP as a 
substrate while that for PDE II, III and IV was measured using cAMP. 

[0046] [3H]-cAMP (962 GBq/mmol; Amersham. 25 ^\ (100.000 cpm)) or [^HJ-cGMP (962 GBq/mmoi; Amersham. 

25^1 (1 00.000 cpm)) was added together with each PDE isozyme (25^1) to an incubation buffer solution with the com- 
10 position given below to adjust the total volume to 250 ^1. Each test compound was dissolved In DMSO to adjust the 

final concentration to 1% (2.5p.l/tube). 

Incubation buffer solution (pH7.5): 

Tris-HCI (50mM), magnesium chloride (6mM), dithiothreitol (2.5mM), 5-nucleotidase (4ixg/mt), bovine serum al- 
bumin (0.23mg/ml), andcAMP (1 filVI) [orcGMP (VM)] 
15 [0047] A mixture of the aforementioned test compound solution and the buffer solution was incubated at 30^*0 for 

20 minutes. The reaction was quenched by admixing with 1 ml of anion exchange resin sluny (AG1-X8, 200-400 

meshes, chloride form; Bio-Rad) to absorb unreacted substrates. 

After the reaction stopped, the mixture was centrifuged at 200 x g for 10 minutes, and the resulting supernatant 

was collected with vials in 250 ^1 aliquots. To each vial was added 5 ml of ACS-II (scintillator, Amersham). The radlo- 
20 activity was measured with a liquid scintillator counter for pH]-adenosine or pH]-guanosine and set as the PDE activity. 

The measurements were conducted under conditions wherein the enzymatic activity was elevated by adding calmodulin 

(20U/ml; Amersham) and calcium chloride (0.1 mM) for PDE-I and cGMP (1 ^iM) for PDE II, respectively. 

The % inhibition was calculated for test compounds, and IC50 (the concentration of each test compound required 

for 50% inhibition) was obtained by Probit method. The results are shown in Table 1 . The aforementioned rolipram ((-)- 
25 isomer, optical purity: 91% e.e.) known as the PDE IV inhibitor in the prior art was used for the reference compound 

in this assay. 

Further, for a comparison with compounds as disclosed in JP, A, 63-159382 (1988), the PDE-inhibiting activity 
was also measured for Compounds A and D in Table 1 of JP, A, 63-159382 (1988). 

30 Table 1 



35 



Test Compounds 


Inhibition of PDE Isoenzymes (IC50 : p.M) 


1 


II 


III 


IV 


V 


Example No.2 


>100 


>100 


>100 


0.11 


16 


Example No. 3 


>100 


>100 


>100 


1.2 


3.9 


Example No. 5 


22 


>100 


60 


0.06 


13 


Example No. 6 


>100 


>100 


>100 


0.16 


15 


Example No. 7 


>100 


>100 


>100 


1.3 


4.7 


Example No. 8 


>100 


>100 


>100 


0.44 


>100 


Example No. 10 


>100 


52 


24 


1.5 


13 


Example No. 13 


62 


60 


94 


1.2 


13 


Example No. 14 


83 


85 


59 


1.5 


5.1 


Example No. 15 


100 


47 


49 


1.4 


8.7 


Example No. 16 


98 


63 


69 


1.9 


7.4 


Example No. 1 7 


>100 


>100 


>100 


2.2 


>100 


Example No. 23 


>100 


>100 


>100 


1.2 


>100 


Rolipram 


>100 


>100 


>100 


0.78-3.2 


>100 



55 <Conclusion> 

[0048] As seen in Table 1, It has been ascertained that the compounds of the present invention inhibit selectively 
PDE IV. 
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In contrast, although Compound A and D seem to be selective for PDE IV, the IC50 values of the compounds for 
PDE IV Inhibition are merely 8.5^M and 9.2 jiM, respectively. Accordingly, It has been ascertained that the compounds 
of the present Invention are significantly advantageous over these prior art compounds In view of PDE IV-lnhibltory 
actions. 

Assay Example 2 



Inhibition of Antigen-Induced Immediate Asthmatic Response (Anti-Asthmatic Action) 



10 <Protocol> 



[0049] 



(1) Active Sensitization of Guinea Pigs 
15 Male Hartley outbred guinea pigs were sensitized by administering intraperitoneally physiological saline (0.5 

ml) containing ovalbumin (1 mg, antigen) and 5x10® inactivated Bordetella pertussis dead cells (adjuvant). 

Eleven to thirteen days after the first sensitization, 0.05 ml of an ovalbumin solution (1 mg/ml) (ovalbumin is 

dissolved in physiological saline) was administered to the lateroabdominal region of each guinea pig intracutane- 

ously. An establishment of sensitization was checked relying on cutaneous reaction. Only guinea pigs wherein 
20 significant reddening responses occurred 5 to 10 minutes later were employed In the next measurement test for 

airway resistance. 



(2) Measurement for Airway Resistance In Actively Sensitized-Guinea Pigs 

The guinea pigs (3 animals per group) actively sensitized In the above step (1) were employed to measure 

25 for their airway pressure according to Konzett-Rossler method (Arch. Exp. Path. Pharmakot., 195, 71 (1 940)). 

Thirteen days after the final sensitization, guinea pigs fasted overnight, and were on the next day anesthetized 
with a pentobarbital solution (60 mg/1.2 ml/kg, dissolved in physiological saline, Intraperitoneal administration). 
After the guinea pigs were fixed In a supine position, their trachea was Incised followed by insertion with one port 
of a 4-port cannula. Among the remaining 3 ports, 2 ports were connected to an artificial respirator (Model 683, 

30 Harvard). The animals were ventilated with 1 0 ml/kg of air per ventilation at a rate of 60 beats/min via the artificial 

respirator from the cannula. One port remainder was connected to a respiratory amplifier (AR-601 G, Nihon Kohden, 
Japan) via an airflow resistance tube (TV-241T, Nihon Kohden, Japan) and a differential pressure transducer (TP- 
602T, Nihon Kohden, Japan) connected with a control box (RY-111S, Nihon Kohden. Japan). From a catheter 
Inserted into a left carotid artery, blood pressures were monitored with a blood pressure measurement unit 

35 (AP641G, NEC Corp.. Japan) via a blood pressure transducer (TP-300T, Nihon Kohden. Japan), and heart rates 

were recorded on a themrial recorder (WT-685G, Nihon Kohden, Japan), relying on blood pressure pulse waves 
after being led to a cardiograph unit (AT601G, Nihon Kohden, Japan). 



[0050] After ainway pressure became stable, an ovalbumin solution (1 mg/ml, dissolved in physiological saline) was 
40 administered at a dose of 1 ml/kg via a tube with which the right jugular vein of guinea pigs was cannulated. Each area 
under airway pressure-time curve (AUC) was obtained by measuring amplitudes of the airway pressure prior to the 
antigen-challenge, 1 , 2, 3, 4, 5, 1 0, 15 and 20 minutes post-challenge, and each percent increase (%) in airway resist- 
ance was further calculated according to the following equation: 



45 



50 



AUC for 20 min after 
Percent Antigen-Challenge 

Increase (%) = ( -1 ) x 100 

in Airway Basal Respiratory Pressure 

Resistance AUC for 20 min after 

Antigen-Challenge 



[0051] Each test compound was suspended in 0.5% CMC-Na solution and administered orally with an oral sound at 
a dose of 3 mg/2 ml/kg 60 minutes prior to the antigen^challonge. Control groups received only 0.5% CMC-Na solution 
in an equivalent amount. The pentobarbital-anesthetlzatlon and tracheal incision were conducted 30 minutes prior to 
the antigen-challenge. 

Each percent reduction of increase In airway resistance (each test compound-administered group versus control 
group) was calculated according to the equation given below. The results are shown in Table 2 wherein each value is 
an average of 3 animals. Rolipram as described in Assay Example 1 was used for the reference compound in this assay. 



17 



EP1 236 725A1 



Percent 
Reduction 
(%) of 
Increase 
in Airway 
Resistance 



= 100 - ( 



Percent Increase in 
Airway Resistance 
(Test Compound- 
Administered Group) 

Percent Increase in 
Airway Resistance 
(Control Group) 



■) X 100 



10 



15 



20 



25 



Table 2 



% 


Test Compounds 


% Reduction of Increase in Airway Resistance (3 mg/kg, orally) 


Example No. 2 


64 


Example No. 5 


90 


Example No. 6 


87 


Example No. 7 


95 


Example No. 8 


88 


Example No. 1 0 


82 


Example No. 14 


92 


Example No. 1 6 


96 


Example No. 23 


90 


Rolipram 


58 to 92 



30 



<Conclusion> 



35 



40 



45 



[0052] As seen in Table 2, it has been ascertained that the compounds of the present Invention reverse an increase 
in airway resistance as much as or greater than rolipram does and exert an excellent inhibitory action on antigen- 
induced immediate asthmatic responses. 

These are also supported by the following assay results: 

For a comparison with compounds as disclosed in JP, A, 63-159382 (1988), the percent reduction of increase in 
airway resistance was obtained for the compounds of the present invention (oral administration at a dose of 1 mg/kg), 
the compounds in Table 1 of JP, A, 63-1 59382 (1 988) (oral administration at a dose of 1 mg/kg), and rolipram (reference 
compound; oral administration at a dose of 3 mg/kg), respectively, In the same assay manner as in the aforementioned 
Assay Example 2. 

As a result, the compounds of the present Invention, i.e., Example No. 5 Compound and Example No. 8 Com- 
pound, exert 86% and 88% reductions, respectively, of increase in ainway resistance. 

in contrast, Compounds A and D (JP, A, 63-159382 (1988), Table 1) are merely 68% and 70%, respectively, for 
the reduction of increase in airway resistance. Rolipram's percent reduction of increase in airway resistance is only 
65%. Accordingly, it has been ascertained that the compounds of the present invention reverse an Increase in airway 
resistance more excellently than the compounds as disclosed in JP, A, 63-159382 (1988). 



so 



Assay Example 3 
Toxicology Study 
<Protocol> 



55 



[0053] Each Compound (Example Nos. 8 and 10) was administered orally to CD (SD) rats (5 animals per group) as 
a test compound once a day for 4 successive weeks in a forced manner. The rats were observed for the time course 
of their general health conditions and measured for their body weight. When the administiBtion was brought to an end, 
organs were weighed, and main organs were further examined pathohistologlcalty. 
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Each test compound was suspended in 0.5% CMC-Na solution and given orally to the aninnai at a dose of 1 nng/ 
5 ml/l<g or 5 nng^ mUkg in a forced manner. 

<Conctusion> 

[0054] None of the animals were died in every dose group when the test compounds were administered. No reduction 
of body weight gains was observed, either. Further, no abnormality was observed for other parameters. 

Assay Example 4 

Emetic Action 



15 



20 



25 



<Protocol> 

[0055] Female beagles (each group consisting of 3 dogs) as used herein were fed. One hour later, a suspension of 
each test compound in 0.5 % CMC-Na solution was administered orally to the animals In a forced manner. The animals 
were observed for emesis occurred within 3 hours after the test compound administration. Next, each maximum tol- 
erance dose against emesis was obtained. The results are shown in Table 3. Rolipram as described In Assay Example 
1 was used for the reference compound in this assay. 

Table 3 



(mg/lcg) 


Test Compounds 


Maximum Tolerance Dose against Emesis 


Example No. 8 


0.3 


Example No. 10 


>3 


Rolipram 


<0. 1 



30 



<ConcIuslon> 



35 



40 



45 



50 



55 



[0056] As seen in Table 3, It has been ascertained that, for the compounds of the present invention, their maximum 
tolerance dose levels against emesis are higher than that of rolipram. Thus, the compounds of the present invention 
are apparently less emetic as compared with rolipram. 

Assay Example 5 

inhibition of TNF-g production In Lipopolysaccharide (LPS)-Stimulated Macrophages 

[0057] In order to measure inhibitory activity on LPS-lnduced TNFa production In mouse peritoneal macrophages 
according to Eur. J. Phamiacol., 230. 9-14 (1993), the following assay was employed. 

1) Preparation of mouse peritoneal macrophages 

Ten percent proteose peptone (2 ml/animal) was administered Intraperltoneally to male C3H/HeN mice (6- to 
8-week-old) for inducing peritoneal macrophages. Four days after the proteose peptone administration, mice were 
sacrificed by the dislocation of cervical vertebrate, bled with cutting of their carotid artery, douched intraperltoneally 
with Ice-cooled RPM1 1640 (6ml), massaged, and lavage fluids wherein peritoneal exudate cells suspended were 
harvested. The resulting cell suspension was centrifuged at 200 x g, and obtained cell pellets were treated with a 
Tris-ammonlum buffer for 1 minute to hemolyze erythrocyte contaminants. The resulting cells were washed twice 
with 10% FBS/RPMI 1640, resuspended, and seeded on 96-well plates (Sumitomo Bakelite, Japan) at 5 x 10^ 
cells/0.a ml/well. After pre-incubation for 2 hours in an atmosphere of 5% C02/95% air, each well was rinsed 3 
times with PBS(-) to remove non-adhesive cells. 

2) Cell Treatment 

Each test compound was dissolved in DMSO. and then In 10% FBS/RPMI 1640 to make the final DMSO 
concentration 0.1%. The resultant test compound solution was used herein. After pre-incubation for 0.5 hr in the 
above test compound solution, an aliquot of macrophages prepared in the above (1 ) was admixed with LPS (E. 
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coli serotype 0127: B8; Sigma) to adjust the final LPS concentration to 0.1 jtg/ml. Four hours later, culture super- 
natants were harvested and stored at -80*'C. Amounts of TNFa In the culture supematants were measured with 
a mouse TNF a ELISA kit (Quantikine/trade name; R&D Systems) according to manuals attached to the kit. For 
control groups, an aliquot of macrophages prepared in the above (1 ) was admixed with LPS to adjust the final LPS 

5 concentration to 0.1 \igfm\ and then treated In the same manner as aforementioned. The resultant samples were 

used in obtaining the concentration of each test compound required for 50% inhibition (IC50) to each control group. 

When the above assay was applied to Example No. 8 Compound and rolipram, their excellent inhibitory 
activity on the production of TNF-a were observed. The IC50 value for Example No. 8 Compound Is 0.34|jig/ml 
(about 0.88|iM) and that for rolipram 0.37 ^g/ml (about 1 .3 ^M). 

10 When the above assay was conducted for Compounds A, B and D In Table 1 of JP, A, 63-159382 (1988), 

the percent inhibition of TNF-a production to the control group is 12%. 22% and 6% for Compounds A, B and D 
at 0.1 ^M; 26%. 40% and 31% at 1 .O^iM; and 39%. 36% and 40% at 10 M.IVI. respectively. Accordingly, all the IC50 
values thereof are apparently higher than 10 ^M. 

From these results, it has been ascertained that the compounds of the present invention are excellently 

IS active on the inhibition of TNF-a production as compared with the prior art compounds as disclosed in JP, A, 

63-159382 (1988). 

Synthetic Examples 

20 [0058] Described below are Synthetic Examples 1 to 3 for the compounds of the fomnula (2) and Synthetic Examples 
4 to 19 for the compounds of the formula (3). Besides, Synthetic Example 20 for the compound of the formula (2) and 
Synthetic Examples 21 to 24 for the compounds of the fonmula (3) are also disclosed herein. 

Synthetic Example 1 

25 

6-Methyl-2-(3-nitrophenylamino)nicotinaldehyde 
[0059] 

30 (1) A mixture of 2-chloro-6-methylnicotinic acid (1 Og, 58.28mmol). 3-nitroaniline (16.10g, 11 6.66mmol), potassium 

carbonate (9.26g, 67.20mmol) and copper oxide (232mg, 2.91 mmol) was allowed to stand at 150*C for 4 hours. 
After admixing with water, the mixture was allowed to cool, and filtered to remove an insoluble. To the filtrate was 
added cone, hydrochloric acid. The resultant precipitate was filtered to give a product as a crystal. The product 
was washed successively with hydrochloric acid and water, and dried to give 6-methyl-2-(3-nltrophenylamino) 

35 nicotinic acid (1 5.06g, 95 %). 

•»H NMR(CDCl3) 6: 2.58(3H,s), 6.74-6.77(1 H, app-d, J=5.9H2), 7.44-7.50(1 H, app-t. J=8.2Hz), 7.86-7.99 
(2H. m). 8.23-8.26(1 H. app-d. J=7.9Hz), 8.95-8.96(1 H, app-t, J=2.0Hz), 1 0.33(1 H, brs). 

(2) To a suspension of 6-methyl-2-(3-nitrophenylamino)-nicotlnlc acid (15.06g. 55.11 mmol in acetone (220ml) was 
40 added triethylamine (6.13g, 60.6mmol) andchloroacetonitrile (4.58g, 60.6mmol), and the mixture was heated under 

reflux overnight. The reaction mixture was filtered to remove an insoluble. The filtrate was evaporated. The resultant 
residue was washed successively with 1 N aqueous sodium hydroxide and water, and dried to give 6-methyl-2-(3-nl- 
trophenylamino)nicotlnic acid cyanomethyl ester (15.44g. 90 %). 

NMR(CDCl3) 5 : 2.58(3H.s), 4.98(2H, s), 6.73-6.76(1 H, app-d, J=8.2Hz), 7.44-7.50(1 H. app-t, J=8.2Hz). 
45 7.88-7.92(2H. m). 8.15-8.18(1H, app-d. J=8.2Hz), 8.98-8.99(1H, app-t, J=2.0Hz). 10,16(1H. brs). 

(3) A mixture of 6-methyl-2-(3-nitrophenylamino)nicotinic acid cyanomethyl ester (1 5.44g, 49.43mmol) and triethyl- 
amine (1 .OOg, 9.89mmol) in dry methanol (1 60ml) was heated under reflux overnight. After cooling, crystals were 
collected by filtration, washed with methanol, and dried to give 6-methyl-2-(3-nitrophenylamino)nicotinic acid me- 

50 thyl ester (13.84g. 97%). 

1H NMR(CDCl3) 6 : 2.56(3H,s), 3.94(3H, s). 6.69-6.72(1 H, app-d, J=8.2Hz), 7.41 -7.47(1 H, app-t, J=8.2Hz), 
7.83-7.95{2H, m), 8.15-8.18(1H. app-d. J=7.9Hz), 9,00-9.02(1H, app-t. J=2.0Hz), 10.53(1H. brs). 

(4) To a solution of 6-methyl-2-(3-nitrophenylamino)nicotinic acid methyl ester (1 3.84g, 48.1 8mmol) in THF (1 80ml) 
55 was added potassium borohydride (3.1 2g, 57.82mmol) and lithium chloride (2.45g, 58.82mmoI) and the mixture 

was heated under reflux. Potassium borohydride (0.52g, 9.64mmol) was added three times at one hour intervals 
and the mixture was further heated under reflux for 1 hour. Evaporation of the solvent under reduced pressure 
gave a residue whteh was admixed with water to form crystals. The crystals were collected by filtration, washed 
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successively with water and isopropanol, and dried to give 3-hydroxymethyl-6-methyl-2-(3-nltrophenylamino)-py- 
ridlne (11.05g, 88%). 

1H NMR(DMSO-d6) 5 :2.40(3H,s). 4.58{2H, d, J=5.3Hz). 5.46(1H. t, J=5,3Hz). 6.76-6.79(1H. app-d, 
J=7,3H2), 7.49-7.55(1 H, app-t, J=B.2Hz), 7.54-7.56(1 H, app-d. J=7.6Hz), 7.70-7.73(1 H. app-dd. J=1 .3Hz. 8,2H2). 
8.06-8.09(1 H. app-dd, J=1.3Hz. 8.2H2). 8.46(1 H. s). 8.85-8.86(1 H. app-t, J=2.0Hz). 

(5) To a suspension of 3-hydroxymethyl-6-methyl-2-(3-nltrophenylamino)pyridine (11.05g, 42.62mmol) in chloro- 
form (200ml) was added manganese dioxide (50g), and the mixture was stirred overnight and filtered to remove 
an insoluble. Evaporation of the solvent from the filtrate gave a residue. Recrystallization of the resultant residue 
from acetonitrile gave 6-methyl-2-(3-nitrophenylamlno)nlcotlnaldehyde (7.90g, 72 %). 

1H NMR(CDCl3) 6: 2.60(3H.s). 6.82-6.85(1H. app-d. J=7.9Hz). 7.45-7.51{1H, app-t, J=8.2Hz). 7.81-7.84 
(1H, app-d, J=7.6Hz). 7.88-7.98(2H, m), 9.06-9.08(1 H, app-t, J=2:0Hz), 9.86(1 H. s). 1 0.76(1 H, brs). 

Synthetic Example 2 

6-Methyl-2-(3-methylthiophenvlamlno)nicotlnaidehvde 

[0060] The procedure of Synthetic Example 1 was repeated using 2-chloro-6-methylnicotinic acid and 3-methylthio- 
aniline to obtain 6-methyl-2-(3-methylthlophenylamino)nlcotinaldehyde. 

1H NMR(CDCl3)5 : 2.52(6H. s). 6.69-6.72(1 H. app-d. J=7.6Hz). 6.94-6.98(1 H, m), 7.20-7.26(1 H. app-t, J=7.9Hz). 
7.47-7.51 (1H. m), 7.72-7,45(1 H, app-d. J=7.6H2), 7.94-7.95(1 H, app-t. J=2.0Hz). 9.79(1 H. s), 1 0.52(1 H, brs). 

Synthetic Example 3 

2-(Pyridin-3-ylamino)nicotinaldehyde 

[0061] The procedure of Synthetic Example 1 or partly modified processes thereof were repeated using 2-chloron- 
Icotinlc acid and 3-amlnopyridlne to obtain 2-(pyridln-3-ylamino)nicotin-ald6hyde. 

1H NMR(CDCl3)6 : 6.91 -6.95(1 H, app-dd, J=4.7Hz, 7.5Hz). 7.27-7.32(1 H. m). 7.91 -7.95(1 H. app-dd. J=1.9Hz, 
7.5Hz), 8.29-8.34(2H, m). 8.43-8.46(1H, app-dd. J=1.9Hz. 4.9Hz). 8.87-8.88(1H. m), 9.91(1H. s). 10.47(1H. brs). 

Synthetic Example 4 

Ethyl 3-(pvridln-2-yl)propionate 



(1 ) To a suspension of sodium hydride (60% In oil, 0.88g. 22mmol) In THF (20ml) was added ethyl diethylphospho- 
noacetate (4.93g, 22mmol) dropwise while Ice cooling and the mixture was further stirred at room temperature for 
15 minutes and again ice cooled. To the Ice cooled mixture was added dropwise a solution of picolinaldehyde 
(2.1 4g, 20mmol) in THF (1 0ml). After the addition, the reaction mixture was heated at 60**C for 1 hour. Thereafter, 
the reaction was stopped by treating with 1 M aqueous acetic acid. The mixture was diluted with water, and extracted 
with methylene chloride. The organic layer was treated according to conventional techniques. Evaporation of the 
solvent yielded a residue which was subjected to recrystallization from hexane to afford ethyl 3-(pyridln-2-yl)- 
acrylate, yield: 80%. 

1H NMR(CDCl3) 6 : 1.34(3H, t. J=7.26Hz). 4.28(2H, q, J=7.26Hz). 6.92(1H, d, J=15.84 Hz), 7.24-7.29(1 H, 
m), 7.42-7.45(2H. app-d, J=7.59Hz), 7.69(1 H. d, J=15.84Hz). 7.66-7.75(1 H. m). 8.64-8.66 (1H, app-d. J=4.62Hz). 

(2) To a suspension of ethyl 3-(pyridin-2-yl)acrylate (2.8g) in methanol (1 50ml) was added 1 0% palladium on cariaon 
(230mg) and the mixture was stirred under hydrogen gas atmosphere for 3 hours at room temperature and then 
filtered to remove an insoluble. Evaporation of solvent from the filtrate yielded ethyl 3-(pyridin-2-yl)propionate (2.5g, 
88%). 

1H NMR(CDCl3)5: 1.23(3H. t, J=7.26Hz). 2.80(2H. t, J=7.59Hz), 3.12(2H, t. J=7.59Hz), 4.15(2H, q, 
J=7.26H2), 7.09-7.20(2H. m). 7.56-7.62(1 H. app-dt. J=1.65Hz. 7.59Hz), 8.52-8.53(1 H, m). 



[0062] 
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Synthetic Example 5 

Ethyl 3-(pyridin-3-vl)propionate 

5 [0063] The procedure of Synthetic Example 4 was repeated using nicotinaldehyde and ethyl dlethylphosphonoace- 
tate to obtain ethyl 3-(pyridln-3-yl)propionate. 

-•H NMR(CDCl3)6 : 1,23(3H, t, J=6.93Hz). 2.64(2H, t. J=7.5BHz), 2.96(2H, t. J=7.5BHz), 4.13(2H, q, J=6.93Hz). 
7.1 9-7.24(1 H, m). 7.52-7.56(1 H. m). 8.45-8.49(2H. m). 

10 Synthetic Example 6 

Ethyl 3-(pyridin-4-yi)propionate 

[0064] The procedure of Synthetic Example 4 was repeated using Isonicotinaldehyde and ethyl diethylphosphonoa- 
IS cetate to obtain ethyl 3-(pyrldin-4-yl)propionate. 

NMR (CDCI3) 6 : 1.24 (3H, t, J=7.2Hz). 2.65 (2H. t, J=7.6Hz). 2.95 (2H, t. J=7.6Hz). 4,14 (2H. q. J=7.2Hz). 
7.12-7.15 (2H. m). 8.49-8.52 (2H, m). 

Synthetic Example 7 

20 

Methyl 4-(pyrldin-3-yl)butanoate 
[0065] 

25 (1 ) A mixture of 3-bromopyridine (3.7ml. 3B.0mmol), 

3-butenolc acid (3.2ml. 38.0mmol), palladium acetate (85mg. 1mol%) and tri-o-tolylphosphlne (231 mg. 2mol%) In 
DMF (12ml) was stirred at 100**C overnight under nitrogen atmosphere. Triethylamine (3.84g, 38.0mmol) was then 
added to the mixture which was further stirred overnight, filtered to remove an Insoluble, and washed with DMF. 
Evaporation of solvent from the filtrate yielded a residue. A mixture of the resultant residue and palladium on 

30 activated carbon (300mg) in methanol (50ml) was stirred under hydrogen atmosphere. After completion of the 

reduction, the reaction mixture was filtered. Evaporation of solvent from the filtrate yielded a residue. To the resulting 
residue (5.40g, an equivalent to 32.6mmol) was added sodium hydrogen carbonate (2.74g, 32.6mmol) and water, 
and the mixture was stirred followed by removal of water on an evaporator. To the residue was added acetone 
(80ml) and chloroacetonltrile (2.47g, 32.7mmol). and the mixture was heated under reflux overnight. 

35 After filtration of the reaction mixture, the filtrate was evaporated. The resultant residue was subjected to 

purification using column chromatography on silica gel to afford a target product, cyanomethyl 4-(pyridin-3-yl) 
butanoate (0.57g. 7.4%). 

NMR(CDCl3) 5 : 2.01 (2H. app-qw. J=7.3Hz, 7.3Hz), 2.45(2H, t, J=7.3Hz), 2.69(2H, t, J=7.3Hz), 4.72(2H, 
8). 7.22-7.27(1 H, m). 7.49-7.54(1 H. m). 8.45-B.49(2H. m). 

40 

(2) A mixture of cyanomethyl 4-(pyridin-3-yl)butanoate (0.57g, 2.81 mmol) and triethylamine (57mg, 0.56mmol) in 
dry methanol (10ml) was heated under reflux ovemight, and evaporated to give a residue. The resultant residue 
was subjected to purification using column chromatography on silica gel to afford a target product, methyl 4-(pyridin- 
3-yl)-butanoate (0.46g, 92%). 

45 1H NMR(CDCl3) 6 : 1 .97(2H, app-qw, J=7.3Hz, 7.3Hz), 2.35(2H. t. J=7.3Hz). 2.66(2H, t, J=7.3Hz), 3.68(2H, 

s), 7.20-7.25(1 H. m), 7.49-7.53(1 H, m). 8.41-8.48(2H. m). 

Synthetic Example 8 

50 Methyl 4-(pyridln-4-yl)butanoate 

[0066] 

(1) To a solution of diethyl malonate (9.6g, O.OSmol) in 20ml of absolute ethanol was added sodium ethoxide (4.1 g) 
55 portionwise at room temperature while stirring and the mixture was further stirred for 4 hours followed by dropwise 

addition of 4-vinylpyridine (2.1g,0.02mol). The mixture was then stirred overnight. Evaporation of ethanol under 
reduced pressure gave a residue to which was added water followed by neutralization with 3N hydrochloric acid. 
The mixture was extracted with ethyl acetate. The extracted liquid was treated according to conventional tech- 
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niques. Evaporation of solvent yielded a residue which was subjected to purification using column chromatography 
on silica gel to afford diethyl 2-(pyridln-4-yl)ethylmalonate as an oil (2.46g. 46%). 

1H NIVIR(CDCl3) 5 : 1 .28(6H, t, J=7.2Hz). 2.1 9-2.27(2H, m), 2.67(2H, t. J=7.2Hz). 3.33(1 H. t. J=7.2H2). 4.22 
(4H, q, J=7.2H2), 7.13(2H, d. J=6.0Hz), 8.51 (2H. d. J=6.0Hz). 

5 

(2) A mixture of diethyl 2-(pyridin-4-yl)ethylmalonate (2.4g, 0.009mol) and 30ml of cone, hydrochloric acid was 
heated at 100*C for 15 hours and an excess amount of hydrochloric acid was then evaporated under reduced 
pressure. A mixture of the resultant residue and 1 0% hydrochloric acid-methanol solution was heated under reflux, 
evaporated, neutralized with saturated aqueous sodium hydrogen carbonate, and extracted with ethyl acetate. 
10 The extract was treated according to conventional techniques. Evaporation of solvent yielded the title compound, 

methyl 4-(pyridln-4-yl)butanoate, as an oil (0.62g, 39%). 

1H NMR(CDCl3) 6 : 1.92-2.03(2H. m), 2.35(2H, t. J=7.4Hz). 2.66(2H, t. J=:7.4H2), 3.68(3H. s). 7.12(2H. d, 
J=6.0Hz). 8.51 (2H. d. J=6.0Hz). 

Synthetic Example 9 

Ethyl 5-(pyridin-3-yl)pentanoate 

[0067] A solution of LDA (16.5ml of 2M solution, 3.5g, 0.03mol) in THF (100ml) was cooled to -70"C or below (dry 
'20 ice-methanol bath) under a nitrogen flow and treated dropwise with ethyl 4-dlethylphosphonocrotonate (8.6g, 
0.037mmol) while stirring. The mixture was further stirred for 15 minutes, treated dropwise with nicotinatdehyde (3.2g, 
0.030mol), and then stirred at O^'C for 1 .5 hours. Next, the mixture was treated with acetic acid and evaporated. To the 
residue was added saturated aqueous sodium hydrogen carbonate and the mixture was extracted with ethyl acetate. 
The extract was treated according to conventional techniques. Evaporation of solvent yielded ethyl 5-(pyridin-3-yl) 
25 penta'2,4<lienoate as an oil (6.7 g). 

This compound was dissolved in 60ml of ethanol without purification. To the solution was added 200mg of 10% 
palladium on carbon and the mixture was stirred for 1 9 hours under a hydrogen flow. After the catalyst was filtered off, 
the filtrate was evaporated to give the title compound, ethyl 5-(pyridln-3<yi)pentanoate, as an oil (4.8g, 78%). 

1H NMR(CDCl3) 6 : 1 .25(3H, t, J=7.1 Hz), 1 .64-1 .70(4H, m). 2,33(2H, t. J=6.9Hz), 2.63(2H, t, J=6.9Hz). 4.12(2H, 
30 q, J=7.1 Hz), 7.1 8-7.23(1 H, m), 7.48(1 H, d. J=7,9Hz). 8.42-8.46 (2H, m). 

Synthetic Example 10 

Ethyl 5-(pyridin-4-yl)pentanoate 

35 

[0068] The procedure of Synthetic Example 9 was repeated using Isonicotinaldehyde as the starting material in place 
of nicotinaldehyde to obtain ethyl 6-(pyridin-4'yl)pentanoate. 

^H NMR(CDCl3) 6:1.26(3H, t, J=7.1Hz), 1 .64-1 .70(4H, m), 2.33 (2H, t. J=6.9Hz), 2.62(2H, bs), 4.12(2H. q. 
J=7.1Hz). 7.10(2H. d. J=6.0H2), 8.48 (2H, d. J=6.0Hz). 

40 

Synthetic Example 11 
IVIethyl 6~(pyridin-2-yl)hexanoate 
45 [0069] 

(1) A mixture of 6-bromopentanoic acid (6.9 g, 38mmol) and triphenylphosphine (lOg, 38mmol) in dry acetonitrile 
(30ml) was heated under reflux ovemight. Evaporation of solvent yielded crystals. The resultant crystals were 
washed with a small amount of acetonitrile and dried at room temperature under reduced pressure to afford a 

50 target product, (4-carboxybutyl)-triphenylphosphonium bromide (14.6g, 87 %), which was used in the next step 

without any further treatment. 

(2) To sodium hydride (oily dispersion, 2.31 g, 57.8mmol) was added dry DMSO (30ml) and the mixture was stinted 
at 60**C for 2 hours. The NaH-DMSO reaction product was added dropwise to a mixture of (4-cari30xybutyl)triphe- 

55 nylphosphonium bromide (12.77g, 28nrimol) and dry DMSO (5ml) at room temperature. Thirty minutes later, the 

mixture was treated dropwise with picollnaldehyde (2.3ml, 24mmol) and stinted overnight. Solvent was distilled off 
under reduced pressure. To the residue was added water, and the mixture was washed twice with benzene and 
evaporated under reduced pressure to remove water. 



23 



EP 1 236 725 A1 



To the residue was added acetone (60ml) and chloroacetonltrile (2.72g, 36nnnnol) and the mixture was heated 
under reflux for 1 hour and treated with water. Acetone was evaporated under reduced pressure and the resultant 
residue was extracted with ethyl acetate. The extract was treated according to conventional techniques and then 
evaporated to remove the solvent. The residue was subjected to purification using column chromatography on 
silica gel to afford a target product, 6-(pyridin-2-yl)-5*hexenoic acid cyanomethyl ester (4.83g, 87%). 
Cis Isomer , NMRCCDCy 6 : 1.86(2H, tt. J=7.6, 7.6H2), 2.47 (2H, t, J=7.6Hz). 2.68-7.67(2H, dt, J=7.6. 7.6H2), 
4.66(2M, s). 5.82(1H. dt, J=7.6. 11.9Hz). 6.49(1H. dt. J=1.7, 11.6Hz), 7.09-7.13(1 H. m), 7,18-7.21(1H. app-d. 
J=7.9Hz), 7.61 -7.67(1 H, app-dt. J=1.7, 7.6Hz). 8.57-8.60(1 H, m). 

Trans isomer, NMR(CDCl3) 5 : 1 .90(2H, tt, J=7.6, 7.6Hz), 2.30-2.38(2H. dt, J=6.6. 6.9Hz), 2.49(2H, t, J=7.3Hz), 
4.71 (2H, s). 6.60(1 H, d, J=1 5.8Hz). 6.69(1 H. dt, J=6.9, 1 5.8Hz), 7.09-7.1 4(1 H, m). 7.22-7.25(1 H, app-d. J=7.9Hz), 
7.59-7.65(1 H. app-dt. J=2.0. 7.6Hz). 8.52-8.54(1 H. m). 

(3) To 6-(pyridln-2-yl)-5-hexenoic acid cyanomethyl ester (4.83g, 21 .Ommol) was added methanol (50ml) and tri- 
ethylamine (0.405g, 4.0mmol) and the mixture was heated under reflux overnight and then evaporated to remove 
the solvent. The resultant residue was subjected to purification using column chromatography on silica gel to afford 
a target product, methyl 6-(pyridln-2-yl)-5-hexenoate (4.97g, quantitative). 

Cis isomer , iH NMR(CDCl3) 6 :1.82(2H. tt. J=7.6. 7.6Hz), 2.37 (2H, t, J=7.6Hz), 2.62-7.71 (2H, dt. J=7.6, 7.6Hz). 
3.64(3H, s). 5.85(1H, dt. J=7.3, 11.9Hz), 6.48(1H, dt, J=1.7, 11.9Hz), 7.07-7.12(1 H, m). 7.20-7.22(1 H, app-d, 
J=7.9Hz), 7.60-7.66(1 H, app-dt, J=1.7, 7.6Hz), 8.57-8.60(1 H, m). 
. Trans isomer . NMR(CDCl3) 5 :1 .86(2H. tt. J=:7.3. 7.3Hz). 2.28-2.42(4H, m). 3.67(3H. s). 6.50(1 H, d. J=1 5.5Hz), 
6.68(1 H, dt. J=6.9, 15.5H2). 7.09-7.14(1 H. m). 7.26-7.29(1 H. app-d. J=7.9H2), 7.59-7.66(1 H. app-dt. J=1 .7. 7.6Hz), 
8.50-8.53(1 H, m). 

(4) A mixture of methyl 6-(pyrldln-2-yl)-5-hexenoate (4.97g, 21 .Ommol) and 10% palladium on carbon (200mg) in 
methanol (100ml) was stirred overnight under hydrogen atmosphere. 

The reaction mixture was filtered. Evaporation of solvent from the filtrate yielded a target product, methyl 6-(pyridin- 
2-yl)-hexanoate (4.1g, 94 %). 

1H NMR(CDCl3)5 : 1 .33-1 .45(2H. m), 1 .62-1 .80(4H, m), 2.32(2H. t, J=7.3H2), 2.79(2H. t. J=7.6H2). 3.66(3H, 
s), 7.10-7.17(2H, m), 7.58-7.64(1 H. app-dt, J=2.0. 7.6H2). 8.49-8.52(1H, m). 

Synthetic Example 12 

Methyl 6-(pyridin-3-yl)hexanoate 

[0070] The steps (2) to (4) of Synthetic Example 11 were repeated using (4-carboxybutyl)triphenylphosphonlum 
bromide and nicotinaldehyde to obtain methyl 6-(pyridin-3-yl)hexanoate. 

1H NMR(CDCl3) 6 : 1 .31-1 .43(2H. m), 1.59-1.72 (4H, m). 2.31 (2H. t. J=7.6H2), 2.62(2H. t. J=7.3H2). 3.66(3H. 
s), 7.19-7.23 (1H. app-dd. J=5.0. 7.9H2). 7.47-7.51 (1H. app-dt, J=1.7. 7.9H2), 8.42-8.44(2H, m). 

Synthetic Example 13 

Methyl 6-(pyridin-4-yl)hexanoate 

[0071] The steps (2) to (4) of Synthetic Example 11 were repeated using (4-carboxybutyl)triphenylphosphonlum 
bromide and isonicotinaldehyde to obtain methyl 6-(4-pyridyl)hexanoate. 

1H NMR(CDCl3) 6 : 1 .31 -1 .42(2H. m), 1 .60-1 .72(4H. m). 2.31 (2H. t. J=7.26H2). 2.61 (2H, t. J=7.69H2). 3.66(3H, 
s), 7.09-7.1 1(2H, app-d. J=5.94H2). 8.47-8.49(2H, app-dd. J=6.27H2). 

Synthetic Example 14 

Methyl 7-(pyridln-3-yl)heptanoate 

[0072] The procedure of Synthetic Example 11 was repeated using 6-bromohexanolc acid to methyl 7-(pyridln-3-yl) 
heptanoate. 

1H NMR(CDCl3)5 1.28-1 .42(4H, m). 1 .56-1 .68(4H. m). 2.30(2H. t. J=7.3H2) , 2.61 (2H. t. J=7.3Hz). 3.67(3H. s). 
7.1 9-7.24(1 H. m). 7.48-7,52(1 H. app-dt. J=2.3. 7.6H2). 8.41-8.43{2H, m). 
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Synthetic Example 15 

Methyl 7-(pvridm-4-vl)heptanoate 

[0073] The steps (2) to (4) of Synthetic Exannple 11 were repeated using (5-carboxypentyl)triphenylphosphonlum 
bromide which was obtained as an Intemriediate In Synthetic Example 14 and Isonicotinaldehyde to methyl 7-(pyrldin- 
4-yl)heptanoate. 

NMR(CDCl3) 6 : 1 .32-1.38{4H. m), 1 .50-1 .70(4H, m), 2.30 (2H. t. J=7.6H2), 2.63(2H, t. J=7.6Hz). 3.66(3H, 
s), 7.09-7,11 (2H, app-d, J=5.9H2). 8.47-8.49(2H, app-d. J=6.3Hz). 

Synthetic Example 16 

Methyl 9-(pyridln-4-vl)nonanoate 

[0074] The procedure of Synthetic Example 11 was repeated using 8-bromooctanoic acid to methyl 9-(pyridln-4-yl) 
nonanoate. 

1H NMR(CDCl3) 6: 1.30(8H, m). 1 .67-1.67(4H. m). 2.30(2H. t. J=7.6Hz). 2.59(2H. t, J=7.6Hz). 3.67(3H. s), 
7.09-7.1 1(2H. app-d. J=5.9Hz). 8.47-8.49(2H, app-d. J=5.9Hz). 

Synthetic Example 17 
Ethyl 4-(2-thienyl)butanoate 

[0075] A mixture of 4-(2-thienyl)butanoic acid (2.50g, 14.7mmol) and hydrochloric acid-methanol (50ml) was stirred 
overnight at room temperature. Solvent was distilled off and the residue was dissolved in ethyl acetate, washed with 
water, dried over anhydrous magnesium sulfate, and evaporated. The resultant residue was subjected to purification 
using column chromatography on silica gel to afford ethyl 4-(2-thienyl)-butanoate (2.41 g, 89 %). 

1H NMR(CDCl3) 5: 2.02(2H, tt. J=7.3Hz, 7.3H2), 2.38(2H, t, J=7.3Hz). 2.88(2H. t, J=7.3Hz), 3.67(3H. s). 
6.78-6.81(1H, m), 6.90-6.93(1H, app-dd. J=3.6Hz. 5.3Hz). 7.11-7.14(1 H, m). 

Synthetic Example 18 

Ethyl 5-(2-furyl)pentanoate 

[0076] To a mixture of LDA (2M solution) (1 1 .5ml, 22.9mmol) andTHF (60ml) was added dropwisetriethyl 4-phospho- 
nocrotonate (5.73g, 22.9mmol) while cooling with a dry Ice-methanol bath. Fifteen minutes later, the mixture was treated 
dropwise with furfural (2.00g. 20.8mmol), and stirred for 1 hour in an ice bath and further at room temperature overnight. 
The resultant mixture was diluted with ethyl acetate, washed successively with dilute hydrochloric acid (IN, twice), 
saturated aqueous sodium chloride, saturated aqueous carbonic acid (twice) and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and evaporated. 

To the resultant residue was added ethanol (60ml) and palladium/activated carbon (150mg) and the mixture was 
stirred under hydrogen atmosphere, filtered, and evaporated. The resultant residue was subjected to purification using 
column chromatography on silica gel to afford ethyl 5-(2-furyl)-pentanoate (1 .82g, 45%). 

NMR(CDCl3) 6: 1.25(3H, t, J=7.3Hz).1 .60-1 .75(4H, m), 2.78-2.37(2H, m), 2.61-2.69(2H. m), 4.13(2H. q, 
J=7.3Hz). 5.98-6.00(1 H, m). 6.26-6.28(1 H, app-dd, J=1 .6Hz, 3.0Hz), 7.29-7.30(1 H, m). 

Synthetic Example 19 

Ethyl 5-(3-furvl)pentanoate 

[0077] The procedure of Synthetic Example 1 8 was repeated using 3-furaldehyde to ethyl 5-(3-furyl)pentanoate. 

NMR(CDCl3) 5 : 1 .25(3H. t, J=7.3Hz).1 .53-1 .73(4H. m), 2.32(2H, t, J=7.3Hz), 2.44(2H, t. J=7.3Hz). 4.13(2H, 
q, J=7.3Hz), 6.25-6.26(1 H. app-t, J=1.0Hz), 7.20-7.22(1 H, m), 7.34-7.35(1 H. app-t. J=1.7H2). 
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Synthetic Example 20 

2-(3-Methvisulfonylphenylamino)nicotinaldehvcie 
[0078] 

(1 ) The steps (1) and (2) of Synthetic Example 1 were repeated using 2*chloronicotinic acid and 3-methylthioaniline 
to obtain cyanomethyl 2-(3-methytthiophenylamino)nicx>tlnate (1 .88g. 6,28mmot). The product was dissolved in 
chloroform (65ml), and treated dropwise with a solution of m-chloroperbenzolc acid (purity 70%, 3.10g, 2.0 eq.) in 
chloroform (50ml) while Ice cooling. The mixture was stirred for 1 hour, and washed with saturated aqueous sodium 
hydrogen carbonate. The organic layer was dried over anhydrous magnesium sulfate, and evaporated to give 
cyanomethyl 2-(3-methylsulfonylphenyl-amino)nlcotinate (2.08g, quantitative). 

1H NMR(CDCl3)5: 3.10{3H.s). 5.00(2H, s). 6.85-6.89(1 H. app-dd, J=4.6Hz, 7.9Hz). 7.51-7.56(1 H, app-t, 
J=7.9Hz). 7.61-7.65(1H, app-dt, J=1 .3Hz, 7.9Hz), 7.94-7.98(1H, app-ddd. J=1 .OHz, 2.3Hz, 7.9Hz). 8.27-8.31 (1 H. 
app-dd. J=2.0Hz, 7,9Hz), 8.43-8.45(1 H, app-t. J=2.0Hz), 8.48-8.51 (1 H. app-dd, J=2.0Hz, 4.6Hz), 10.12 (1H. brs). 

(2) The steps (3), (4) and (5) of Synthetic Example 1 were repeated using cyanomethyl 2-(3-methylsulfonylphe- 
nylamlno)-nicotinate to obtain 2-(3-methylsulfonylphenylamino)-nicotinaIdehyde. 

NMR(CDCl3) 5: 3.10(3H.s). 6.94-6.99(1H. app-dd, J=4.9H2, 7.6Hz), 7.51 -7.57(1 H, app-t. J=7.9H2), 
7.62-7.66(1 H, app-dt, J=1 .3Hz, 7.9Hz), 7.93-7.97(1 H. app-dd, J=2.0Hz, 7.6Hz). 7.98-8.02(1 H. app-ddd. J=1 .OHz. 
2.0Hz. 7.9Hz), 8.47-8.49(1 H, app-dd, J=2.0Hz, 4.6Hz), 8.53-8.55(1 H. app-t. J=2.0Hz), 9.92(1 H. s). 10.68(1 H, brs). 

Synthetic Example 21 

Ethyl 5-(2-pyridyl)pentanoate 

[0079] The procedure of Synthetic Example 9 was repeated using picollnaldehyde in place of nicotlnaldehyde to 
ethyl 5-(2-pyridyl)pentanoate. 

1H NMR(CDCy 6 : 1.25(3H, t, J=7.3Hz). 1 .63-1 .84(2H. m), 2.34(2H, t. J=7.6Hz), 2.81 (2H. t. J=7.5Hz), 4.12(2H. q. 
J=7.3H2). 7.07-7.16(2H. m). 7.56-7.62(1 H, app-dt. J=2.0Hz. 7.6Hz). 8.51-8.53(1 H. m). 

Synthetic Example 22 

Methyl 4-(2-benzothlazolyl)butanoate 

[0080] A solution of 4-(2-benzothlazoiyi)butanolc acid (3.75g, 16.1mmol, prepared according to the procedure of 
Example 11 in JP, A, 8-208631 (1 996)) In hydrochloric acid-methanol (80ml) was stirred at room temperature overnight, 
and evaporated. The residue was dissolved In chloroform, and washed with saturated aqueous sodium hydrogen 
carbonate. The organic layer was dried over anhydrous magnesium sulfate, evaporated, and purified through flash 
column chromatography to give methyl 4-(2-benzothla2olyl)butanoate (2.75g, 73%). 

1H NMR(CDCl3) 6: 2.23(2H. tt. J=7.3Hz, 7.6Hz), 3.49(2H. t. J=7.6Hz), 3.18(2H, t. J=7.3Hz). 3.68(3H, s), 
7.33-7.39(1 H. app-t, J=7.3Hz), 7,43-7.49(1 H. app-t. J=7.3Hz). 7.83-7.86(1 H, app-d. J=7.9Hz). 7.96-7.99(1 H, app-d. 
J=7.9Hz). 

Synthetic Example 23 

Methyl 5-(2-benzothlazolyl)pentanoate 

[0081] A solution of 5-(2-benzothiazolyl)pentanoic acid (1.54g, 6.5mmoI, prepared according to the procedure of 
Example 1 2 in JP, A, 8-208631 (1 996)) In hydrochloric acid-methanol (40ml) was stirred at room temperature overnight, 
and evaporated. The residue was dissolved in chloroform, and washed with saturated aqueous sodium hydrogen 
carbonate. The organic layer was dried over anhydrous magnesium sulfate, evaporated, and purified through flash 
column chromatography to give methyl 5-(2-benzothiazolyl)pentanoate (1 .08g, 67%). 

1H NMR(CDCl3) 5: 1 .73-1 ,84(2H. m), 1 .88.2.00(2H. m). 3.39(2H, t. J=7.3Hz). 3.14(2H, t. J=6.9Hz), 3.67(3H, s), 
7.32-7.38(1 H. app-t. 7.9Hz), 7.43-7.48(1 H. app-t. 7.9Hz). 7.83-7.86(1 H. app-d. J=7.9H2). 7.95-8.98(1 H. app-d. 
J=8.2Hz). 
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Synthetic Example 24 

Ethyl 5-(2-thiazolyi)pentanoate 

5 [0082] The procedure of Synthetic Example 9 or partly modified processes thereof were repeated using thiazole- 
2-aldehyde in place of nicotinaldehyde to obtain ethyl 5-(2-thiazoiyl)-pentanoate. 

1H NMR(CDCl3) 5 : 1 .25(3H, t. J=7.3H2). 1 .68-1 .92 (4H. m). 2.35(2H. t. J=:7,6Hz). 3.06(2H. t. J=7.9Hz). 4.13(3H, 
q. J=7.3H2), 7.19-7.20(1 H, app-d, J=3.3Hz), 7.67-7.68(1 H, app-d. J=3.3Hz). 

10 Example 1 

1 -(3-Nitrophenyl)-3-(pyridin-2-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one 

[0083] Ethyl 3-(pyridin-2-yl)proplonate (0.71 7g, 2.0 eq.. prepared in Synthetic Example 4) was dissolved in dry THE 
15 To the solution was added LDA (2ml of 2M solution, 2.0 eq.) at -78"C or below in a methanol-dry ice bath under nitrogen 
atmosphere while stimng and the mixture was stirred for 1 hour. Next, to the reaction mixture was added dropwise a 
solution of 2-(3-nitrophenylamino)nicotinaldehyde (486mg, 1 .0 eq., prepared according to the procedure of Example 
3 In JP, A, 62-228076 (1 987)) in THF and the resultant mixture was stirred for 2 hours at -78°C and then continued to 
stir for 24 hours until it reached room temperature. The reaction mixture was treated with water, and extracted with 
20 methylene chloride. The organic layer was dried, and evaporated. To the residue was added ethyl acetate to form 
crystals. The resulting crude crystals were subjected to recrystallization from DMF to give 1-(3-nltrophenyl)-3-(pyridln- 
2-ylmethyl)-1 ,8-naphthyridin-2(1H)-one. mp 229 to 23rC/DMF (yield 67%). 

1H NMR(CDCl3) 6 : 4.17{2H, s). 7.15-7.21(2H, m), 7.41-7.45(1H, app-d. J=7,92Hz). 7.61 -7.77(4H, m). 7.89-7.93(1H. 
app-dd. J=1.98Hz, 7.59Hz). 8. 17-8.1 9(1 H, app-t, J=1.98Hz), 8.32-8.37 (2H, m). 8.55-8.58(1 H, m). 

25 

Example 2 

1 -(3-Nitrophenyl)-3-(pyrldin-3-ylmethyl)-1 .8-naphthyrldin-2(1 H)-one 

30 [0084] The procedure of Example 1 was repeated using 2-(3-nltrophenylamlno)nicotinaldehyde (1 .0 eq.). ethyl 3-(py- 
ridin-3-yl)-proplonate (1 .2 eq., prepared in Synthetic Example 5) and LDA (1 .5 eq.) to obtain 1 -(3-nitrophenyl)-3-(pyrl- 
din-3-ylmethyl)-1.8-naphthyrldin-2(1H)-one, mp 226 to 227*'C/DMF. 

1H NMR(CDCl3) 8 : 4.10(2H. s), 7.18-7.22(1H, app-dd, J=4.62Hz, 7.59Hz). 7.27-7.31(1H, m). 7.50 (1H, s), 7.62-7.78 
(3H, m), 7.86-7.89(1 H. app-dd, J=1 .65, 7.59Hz), 8.1 9-8.20(1 H. app-t. J=1 .98Hz). 8.35-8.39(2H, m). 8.53-8.55(1 H, app- 
35 dd, J=1 .65Hz, 4.62Hz). 8.61 -8.62(1 H. app-d. J=1 .98H2). 

Example 3 

1 -(3-Cyanophenyl)-3-(pyridin-4-ylmethvl)-1 ,8-naphthvridln-2(1 H)-one 

40 

[0085] The procedure of Example 1 was repeated using 2-(3-cyanophenylamino)nicotinaldehyde (1 .0 eq., prepared 
according to the procedure of Example 3 In JP, A, 62-228076 (1 987)), ethyl 3-(pyridin-4-yl)proplonate (1.1 eq.. prepared 
In Synthetic Example 6) and LDA (1 .5 eq.) to obtain 1 -(3-cyanophenyl)-3-(pyridin-4-ylmethyl)-1 ,8-naphthyridin-2(1 H)- 
one. mp 229 to 230*C/DMF. 

45 1H NMR (CDCl3)5 : 3.99 (2H. s), 7.18-7.29 (2H, m), 7.50 (1H, s), 7.51-7.90 {5H. m). 8.38-8.41 (1H. m). 8.56-8.59 (2H, 
m). 

Example 4 

50 1 -(3-Nitrophenyl)-3-(pyrldin-4-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one 

[0086] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nlcotlnaldehyde (1 .0 eq.). ethyl 3-(py- 
ridin-4-yl)-proplonate (1.1 eq.) and LDA (1 .5 eq.) to obtain a product which was subjected to recrystallization from ethyl 
acetatemethanol to give 1-(3-nitrophenyl)-3-(pyrldln-4-ylmethyl)-1,8-naphthyridin-2(1H)-one as a pale brown powder. 
55 mp 230*»C/EtOAc-MeOH (decomp.). 

NMR (CDCl3)6 : 4.00 (2H. s). 7.19-7.29 (3H, m). 7.52 (1H, s). 7.63-7.91 (4H. m). 8.19-8.59 (4H, m). 
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Example 5 

1 -(3-Nitrophenyl)'3-[2-(pvriclin>3-yl)ethviM ,8-naphthyridin-2(1 hP-one 



[0087] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicotinaldehyde (1 .0 eq,), methyl 
4-(pyridln-3-yl)-butanoate (1.3 eq., prepared in Synthetic Example 7) and LDA (1.3 eq.) to obtain 1-(3-nitrophenyl)- 

3- [2-(pyrldln-3-yl)elhyl)-1 ,8-naphthyridin-2(1H)-one, mp 221 to 223*C/DMF, wherein the product was purified through 
silica gel column chromatography and recrystallizatlon. 

1H NMR(CDCl3) 6 :2.96-3,08(4H. m) , 7.18-7.22(1H, app-dd. J=4.9Hz, 5.6Hz), 7.22-7.27(1 H,app-dd. J=4.6Hz. 
7,6Hz). 7.55 (1H, s), 7.56-7.61 (1 H, app-dt, J=2.3Hz. 7.6Hz). 7.64-7.68 (IH.m), 7.74-7.80(1 H. app-t, J=7.9Hz), 
7.86-7.89(1 H, app-dd, J=1.6Hz. 7.6Hz). 8.20-8.21(1H, app-t. J=2.3Hz). 8.36-8.40 (2H, m), 8.46-8.50(2H. m). 

Example 6 

1 -(3-Nitrophenyl)-3'[2-(pyridin-4-yl)ethyl]-1 ,8-naphthyridin-2(1 H)>one 

[0088] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicotinaldehyde (1 .0 eq.), methyl 

4- (pyhdln-4-yl)-butanoate (1.1 eq., prepared in Synthetic Example 8) and LDA (1.5 eq.) to obtain 1 -(3-nitrophenyl)- 
3-t2-(pyrldln-4-yl)ethyl]-1 ,8-naphthyridin-2(1H)-one, mp 213 to 214''C/DMF-EtOH, 

NIV1R(CDCl3) 6 :3.01(4H. s), 7.17-7.23 (3H, m), 7.55(1 H. s), 7.65-7,89(3H. m). 8.21-8.22 (1H, m), 8.36-8.39 
(2H, m). 8.51 (2H, d. J=5.3Hz). 

Example 7 

1 -(3-Nitrophenyl)-3-[3-(pyridin-3-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one 

[0089] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicotinaldehyde (1 .0 eq.), ethyl 5-(py- 
ridin-3-yl)-pentanoate (1.1 eq., prepared in Synthetic Example 9) and LDA (1 .5 eq.) to obtain 1 -(3-nltrophenyl)-3-[3-(py- 
ridin-3-yl)propyl]-1 ,8-naphthyrldln-2(1 H)-one, mp 172 to 173°C/DMF-EtOH. 

iH NMR(CDCl3) 6:2.02-2.11(2H, m), 2.71-2.79 (4H, m). 7.18-7.24 (2H. m). 7.54-7.92(5H, m). 8.19-8.20 (1H. m), 
8.34-8.49(4H, m). 

Example 8 

1 -(3-Nltrophenyl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one 

[0090] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicotlnaldehyde (1 .0 eq.), ethyl 5-(py- 
rldln-4-yl)-pentanoate (1 .5 eq,, prepared In Synthetic Example 1 0) and LDA (1 .5 eq.) to obtain 1 -(3-nrtrophenyl)-3-[3-(py- 
ridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one, mp 209 to 21 0'^C/DMF-EtOH. 

1H NMR(CDCl3) 6 :2.00-2.12(2H, m), 2.70-2.79(4H, m), 7.15-7.23 (3H, m), 7.61-7.67(2H. m), 7.75(1H, t. J=7.9Hz). 
7.89-7.93(1 H. m), 8.19-8.20(2H, m). 8.34-8,38(2H, m), 8.50(2H, d, J=5.9Hz). 

Example 9 

1 -(3-Chiorophenyl)-3-r3-(pvridln-4-yl)propyll-1 ,8-naphthyridin-2(1 H)-one 

[0091] The procedure of Example 1 was repeated using 2-(3-chlorophenylamino)nlcotinaldehyde (1 .0 eq., prepared 
according to the procedure of Example 3 in JP, A, 62-228076 (1987)), ethyl 5-(pyrldin-4-y!)pentanoate (1.5 eq.) and 
LDA (1.5 eq.) to obtain 1-{3-chlorophenyl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1H)-one, mp 148 to 149*»C/ 
AcOEt. 

1H NMR(CDCl3) 6 :2.05(2H. quart. J=7.7Hz), 2.73(4H, q. J=7.4Hz), 7.14-7.20(4H, m), 7.28-7.30(1 H, m), 7.44-7.51 (2H, 
m). 7.60(1 H. s), 7.86(1 H. app-dd, J=2.0. 8.0Hz). 8.41 (1H, q. J=2.0Hz), 8.49 (2H. app-dd, J=1.6, 4.3Hz). 

Example 10 

1 -(3-Methylthiophenyl)-3-[3-(pyridin-4-vl)propylM ,8-naphthvridin-2(1 H)-one 

[0092] The procedure of Example 1 was repeated using 2-(3-methylthiophenylamino)nlcotinaldehyde (1 .0 eq., pre- 
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pared according to the procedure of Example 3 In JP. A, 62-228076 (1 987)), ethyl 5-(pyrldin-4-yl)pentanoate (2.0 eq.) 
and LDA (2.0 eq.) to obtain 1-(3-methylthiophenyl)-3-[3-(pyridin-4-yl)-propyl]-1 .8-naphthyridln-2(1H)-one. nnp 137 to 
138°C/DMF. wherein the product was purified through silica gel column chromatography and recrystalllzatlon. 
1H NMR(CDCl3) 6:2.00-2.11 (2H. m). 2.49(3H. s). 2.70-2.77(4H. m). 7.02-7.06(1H, m). 7.11-7.17(4H, m). 7.34-7.38 
(1H, app-dt. J=1.3Hz, 8.6Hz), 7.45-7.51(1H. app-t. J=7.9Hz). 7.56(1H, s). 7.84-7.87(1H, app-dd. J=2.0Hz, 7.9Hz) 
8.41 -8.43(1 H. app-dd, J=1 .7Hz, 4.6Hz). 8.48-8.50(2H. app-d. J=5.9Hz). 

Example 1 1 

7-Methyl-1 -(3'nltrophenvl)-3-r3-(pvrldln-4-vl)propvlM ,8-naphthyrldln-2(1 H)-one 

[0093] The procedure of Example 1 was repeated using 6-methyl-2-(3-nitrophenylamino)nicotlnaIdehyde (1.0 eq., 
prepared in Synthetic Example 1), ethyl 6-(pyridin-4-yl)pentanoate (1.5 eq.) and LDA (1.5 eq.) to obtain 7-methyl- 
1-(3-nitrophenyl)-3-[3-(pyrldm-4-yl)propyl]-1.8-naphthyridin-2(1H)-one, mp 165 to 166**C/AcOEt. wherein the product 
was purified through silica gel column chromatography and recrystalllzatlon. 

1H NMR(CDCl3) 6:1. 99-2.1 0(2H, m), 2.39(3H, s), 2.68-2.77(4H, m), 7.03-7.06(1 H. app-d. J=7.9Hz), 7.17-7.16(2H, 
app-d, J=5.9Hz). 7.56(1H, s), 7.61-7.77(3H, m). 8.17-8.19(1H, app-t, J=1 .7Hz), 8.32-8.36(1H, m), 8.48-8.50(2H, app- 
d, J=5.9Hz). 

Example 12 

7-Methyl-1 -(3-methylthiophenyl)-3-r3-(pyridin-4-vi)propvlM .8-naphthyridin-2(1 H)-one 

[0094] The procedure of Example 1 was repeated using 6-methyl-2-(3-methyIthiophenylamino)nlcotinaldehyde (1 .0 
eq., prepared in Synthetic Example 2), ethyl 5-(pyridln-4-yl)pentanoate (1 .5 eq.) and LDA (1 .5 eq.) to obtain 7-methyl- 
1-(3-methylthlophenyl)-3-[3-(pyridin-4-yl)propyl]-1,8-naphthyridin-2(1H)-one, mp 158 to 159*C/AcOEt. wherein the 
product was purified through silica gel column chromatography and recrystalllzatlon. 

1H NMR(CDCl3)5 : 1 .98-2.10(2H. m). 2.41(3H, s). 2.49(3H, s), 2.67-2.76(4H, m). 6.99-7.04(2H. m). 7.11-7.16 
(3H. m). 7.32-7.36 (1H. m), 7.42-7.48(1 H. m). 7.52(1 H, s). 7.70-7.73(1 H, app-d. J=7.9Hz). 8.48-8.50(2H. app-d. 
J=6.0Hz). 

Example 13 

1 -(3-Nitrophenyl)-3-[4-(pyridln-2-yl)butvl]-1 ,8-naphthvridln-2(1 H)-one 

[0095] The procedure of Example 1 was repeated using 2-(3-nitrophenylamlno)n{cotlnaldehyde (1 .0 eq.), ethyl 6-(py- 
rldin-2-yl)-hexanoate (2.0 eq., prepared in Synthetic Example 11) and LDA (2,0 eq.) to obtain 1 -(3-nitrophenyl)-3-[4-(py- 
ridin-2-yl)butyl]-1 ,8-naphthyridln-2(1 H)-one, mp 1 63 to 1 65*'C/DMF, wherein the product was purified through silica gel 
column chromatography and recrystallization. 

1H NMR(CDCl3)5 : 1 .72-1 .94(4H. m). 2.73(2H. t, J=7.6Hz), 2.86 (2H, t. J=6.9Hz). 7.08-7.21 (3H, m), 7.60(1 H. s). 
7.56-7.67(2H. m). 7.71 -7.77(1 H. app-t. J=9.3Hz). 7.87-7.91 (1 H. app-dd, J=1 .3Hz. 7.6Hz). 8.1 8-8.20(1 H. m). 8.33-8.37 
(2H, m). 8.51-8.53 (1H, app-d. J=4.6Hz). 

Example 14 

1 -(3-Nitrophenyl)-3-[4-(pyridin-3-yl)butyll-1 ,8-naphthyrldin-2(1 H)-one 

[0096] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicot!naldehyde (1.0 eq.), methyl 
6-(pyridln-3-yl)-hexanoate (2.0 eq., prepared in Synthetic Example 12) and LDA (2.0 eq.) to obtain 1-(3-nltrophenyl)- 
3-[4-(pyrldin-3-yl)butyl]-1,8-naphthyrldin-2(1H)-one, mp 184.4 to 185.2*C/DMF, wherein the product was purified 
through silica gel column chromatography and recrystallization. 

NMR(CDCl3) 6: 1 .67-1 .83(4H, m), 2.67-2.74(4H, m), 7.17-7.23(2H, m), 7.49-7.53(1 H, app-dt, J=1.7Hz, 7.9H2), 
7.58(1 H. s). 7.63-7.67(1 H. app-dt. J=1.7Hz. 7.9Hz), 7.72-7.78(1 H. app-t. J=7.9Hz), 7.88-7.91 (1 H, app-dd, J=1.7Hz, 
7.6Hz). 8.19-8.21 (1H. app-t. J=2.0Hz). 8.34-8.38(2H. m). 8.43-8.47(2H. m). 
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Example 15 

1 '(3«Nitrophenvl)-3-r4-(pyridin-4-yl)butyn-1 .8-naphthyrlciin'2(1 H)>one 

[0097] The procedure of Example 1 wa^ repeated using 2-(3-nitrophenylamlno)nicotlnaldehyde (1.0 eq.), methyl 

6- (pyridin-4-yl)-hexanoate (2.0 eq., prepared In Synthetic Example 13) and LDA (2.0 eq.) to obtain 1-(3-nltrophenyl)- 
3-[4-(pyridin-4-yl)butyi]-1,8-naphthyriclin-2(1H)-one, mp 168.8 to 1 69,6**C/DMF, wherein the product was purified 
through silica gel column chromatography and recrystalllzatlon. 

1H NMR(CDCl3)5 : 1 .74-1 .77(4H, m). 2.66-2.74(4H. m). 7.11-7.13 (2H. app-d. J=5.6H2). 7.17-7.22(1 H, app-dd, 
J=5.0H2, 7.9Hz), 7.57(1 H, s), 7.63-7.67(1 H. m), 7.72-7.78(1 H. app-t, J=7,9Hz), 7.88-7.91 (1H, app-dd. J=1.7Hz. 
7.6Hz), 8.1 9-8.20(1 H. app-t. J=1.7H2). 8.34-8.38(2H, m). 8.48-8.50(2H, m). 

Example 16 

1 -(3-Nitrophenyl)-3-[5-(pyridin-3-yl)pentyll-1 .8-naphthyridin-2(1 H)-one 

[0098] The procedure of Example 1 was repeated using 2-(3-nltrophenylamino)nicotinaldehyde (1.0 eq.), methyl 

7- (pyrldin-3-yl)-heptanoate (2.0 eq., prepared in Synthetic Example 14) and LDA (2.0 eq.) to obtain 1 -(3-nitrophenyl)- 
3-[5-(3-pyridyl)pentyl]-1 ,8-naphthyridin-2(1 H)-one, mp 155°C/DMF, wherein the product was purified through silica gel 
column chromatography and recrystallization. 

1H NMR(CDCl3) 5 : 1.41.1.53(2H, m), 1 .65-1.79(4H, m), 2.61-2.70 (4H, m), 7.17-7.22(2H. app-dd, J=4.6Hz. 7.6Hz), 
7.47-7.51 (1H, app-dt, J=1.7Hz, 7.6Hz). 7.59(1 H, s), 7.63-7.67(1 H, m), 7.71-7.77(1 H. app-t, J=7.9Hz). 7.89-7.92(1 H. 
app-dd, J=1.7Hz, 7.6Hz), 8.1 9-8.20(1 H. app-t, J=2.0H2), 8.34-8.45(4H, m). 

Example 1 7 

1 -(3-Nrtrophenyl)-3-[5-(pyr1din-4-yl)pentyl]-1 ,8-naphthyridin-2(1 H)-one 

[0099] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nlcotinatdehyde (1 .0 eq.), methyl 
7-(pyridin-4-yl)-heptanoate (2.0 eq., prepared in Synthetic Example 15) and LDA (2.0 eq.) to obtain 1 -(3-nitrophenyl)- 
3-[5-(pyridln-4-yl)pentyl]-1 ,8-naphthyridin-2(1H)-one, mp 188.8 to 189.6'C/DMF, wherein the product was purified 
through silica gel column chromatography and recrystallization. 

1H NMR(CDCl3)6: 1 .44-1 .52(2 H, m). 1 .60-1 .75(4H, m), 2.60-2.70 (4H. m), 7.10-7.12(2H, app-d, J=5.9Hz), 
7.1 8-7.22(1 H, app-dd, J=4.6Hz, 7.6Hz). 7.58(1 H, s), 7.63-7.67(1 H, m), 7.72-7.78(1 H, app-t. J=8.3Hz), 7.88-7.92(1 H, 
app-dd. J=2.0H2, 7.9Hz). 8.1 9-8.20(1 H. app-t, J=2.3Hz), 8.34-8.38(2H, m), 8.47-8.49(2H. app-d. J=5.6Hz). 

Example 1 8 

1 -(3-Nitrophenvi)-3-[7-(pyridln-4-yl)heptvn-1 .8-naphthyridln-2(1 H)-one 

[0100] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)ntcotinaldehyde (1.0 eq.), methyl 
9-(pyridln-4-yl)-nonanoate (1 .5 eq.. prepared In Synthetic Example 1 6) and LDA (1 .5 eq.) to obtain 1 -(3-nltrophenyl)- 

3- (7-(pyridin-4-yl)heptyll-1 ,8-naphthyridin-2(1 H)-one, mp 1 89 to 1 92'C/DMF. wherein the product was purified through 
silica gel column chromatography and recrystallization. 

IH NMR(CDCl3)5: 1 ,33-1 .73(1 OH, m). 2.57-2.69(4H. m), 7.09-7.11 (2H. app-d, J=5.9Hz),7.1 7-7.22(1 H. app-dd. 
J=4.9Hz. 7.6Hz). 7.59(1 H, s). 7.63-7.67(1 H, m), 7.71-7,77(1 H, app-t, J=7.9Hz), 7.89-7.92(1 H, app-dd, J=1.6Hz. 
7.6Hz). 8.19-8.21 (1H. app-t. J=2.0Hz). 8.34-8.38(2H. m) , 8.46-8.48(2H. app-dd, J=1.3Hz. 4.3Hz). 

Example 1 9 

1 -(3-Nitrophenyl)-3-[2-(2-thienyl)ethyll-1 .8-naphthyridin-2(1 H)-one 

[0101] The procedure of Example 1 was repeated using 2-(3-nltrophenylamino)nicotinaldehyde (1.0 eq.), ethyl 

4- (2-thienyl)-butanoate (1.5 eq., prepared in Synthetic Example 17) and LDA (1.5 eq.) to obtain 1 -(3-nitrophenyl)- 
3-[2-(2-thienyl)ethyl]-1.8-naphthyridln-2(1H)-one, mp 175 to 176''C/DMF. wherein the product was purified through 
silica gel column chromatography and recrystallization. 

1H NMR(CDCl3) 6: 3.05(2H. t, J=7.6Hz), 3.26(2H, t, J=7.6Hz), 6.82-6.84(1 H, m), 6.90-6.93(1 H, app-dd. J=3.3H2. 
4.9Hz), 7.12-7.14(1H. app-dd, J=1.3Hz. 5.3Hz). 7.17-7.21(1H. app-dd. J=4.9Hz. 7.6Hz). 7.56(1H. s). 7.64-7.68(1H. 
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m). 7.73-7.79(1 H, app-t. J=7.9Hz). 7.85-7.89(1 H. app-dd, J=1.7H2, 7.6Hz), 8.20-8.22(1 H. app-t, J=1.7Hz), 8.35-8.39 
{2H. m). 

Example 20 

1 -(3-Nitrophenvl)-3-[3-(2-furvl)propvll-1 ,8-naphthyridin-2(1 H)-one 

[0102] The procedure of Example 1 was repeated using 2-(3-nltrophenylamlno)nlcotinaldehyde (1.0 eq.). ethyl 
5-(2-furyl)-pentanoate (1.6 eq.. prepared in Synthetic Example 18) and LDA (1.5 eq.) to obtain 1 -(3-nltrophenyl)- 
3-[3-(2-furyl)propyl]-1 ,8-naphthyrldin-2(1 H)-one, mp 166 to 1 67**C/DMF. wherein the product was purified through silica 
gel column chromatography and recrystalllzation. 

1H NMR(CDCl3)5 : 2.01-2.12(2H, m), 2.71-2.79(4H, m), 6.04-6.06 (1H, app-dd, J=0.7Hz. 3.3Hz). 6.28-6.29(1 H, 
app-dd, J=1.7Hz. 3.3Hz), 7.1 7-7.22(1 H, app-dd, J=4.6Hz, 7.6Hz), 7.30-7.31 (1H, app-dd. J=0.7H2, 1.7Hz). 7.62(1 H. 
s), 7.63-7.67(1H. m), 7.72-7.78(1H. app-t. J=7.9Hz). 7.89-7.92(1H. app-dd. J=1.6Hz. 7.6Hz). 8.19-8.21 (1 H. app-t. 
J=2.0Hz), 8.34-8.38(2H. m). 

Example 21 

1 -{3-Nitrophenvl)-3-[3-{3-furvl)propvlM ,8-naphthvridin-2(1 H)-one 

[0103] The procedure of Example 1 was repeated using 2-(3-nltrophenylamino)nicotinaldehyde (1.0 eq.). ethyl 
5-(3-furyl)-pentanoate (1.5 eq., prepared in Synthetic Example 19) and LDA (1.5 eq.) to obtain 1 -(3-nitrophenyl)- 
3-[3-(3-furyl)propyl]-1 ,8-naphthyrldin-2(1 H)-one, mp 1 85 to 1 86*'C/DMF, wherein the product was purified through silica 
gel column chromatography and recrystalllzation. 

1H NMR(CDCl3)5 : 1 .91-2.03(2H. m). 2.56(2H. t. J=7.6Hz), 2.73 (2H. t. J=7.6Hz). 6,31 -6.32(1 H, m), 7.18-7.22 
(1H, m), 7.25-7.27 (1H, m). 7.35.7.36(1H. app-t. J=1.7H2). 7.61(1H, s), 7.63-7.68 (1H, m). 7.12-7.78(1H. app-t. 
J=7.9H2). 7.89-7.92(1 H. app-dd. J=2.0Hz. 7.9Hz), 8.1 9-8.21 (1H, m). 8.34-8.38(2H, m). 



Example 22 

1 -(3-Nitrophenvl)-3-[4-(benzothlazol-2-vl)-butyl]-1 .8-naphthyridln-2{1 H)-one 

[01 04] The procedure of Example 1 was repeated using 2-(3-nltrophenylamlno)nicotinaldehyde (1 .0 eq .). ethyl 6-(ben- 
2othlazol-2-yl)hexanoate (1 .5 eq., prepared according to the procedure of Example 13 In JP. A, 8-208631 (1996)) and 
LDA (1.5 eq.) to obtain 1-(3-nitrophenyl)-3-[4-(benzothiazol-2-yl)butyl]-1 .8-naphthyridln-2(1H)-one, mp 167.5 to 
169.6*»C/DMF, wherein the product was purified through silica gel column chromatography and recrystalllzation. 

1H NMR(CDCl3)6 :1 .80-1 .91(2H, m). 1 .98-2.09(2H, m). 2.76(2H, J=7.9Hz), 3.20(2H. J=7.6Hz). 7.16-7.21(1H. 
app-dd, J=4.6 Hz. 7.6Hz). 7.32-7.39(1H. m), 7.43-7.49(1H. m). 7.61(1H. s). 7.62-7.66(1H. m). 7.70-7.71(1H. app-t. 
J=7.9Hz). 7.83-7.90(2H. m). 7.95-7.99(1 H. m). 8.1 9-8.21 (1H. app-t. J=2.0 Hz), 8.34-8.38(2H. m). 



Example 23 

1 -(Pvridin-3-vl)-3-r3-(pvndin-4-vl)propvlM .8-naphthyridin-2(1 H)-one 

[0105] The procedure of Example 1 was repeated using 2-(pyridin-3-ylamlno)nlcotinaldehyde (1 .0 eq., prepared in 
Synthetic Example 3). ethyl 5-(pyridln-4-yl)pentanoate (1 .5 eq.. prepared in Synthetic Example 1 0) and LDA (1 .5 eq.) 
to obtain 1-(pyridln-3-yl)-3-[3-(pyridin-4-yl)propyll-1,8-naphthyridin-2(1H)-one. mp 178 to 180*'C/DMF-EtOH. 

1H NMR(CDCl3)5: 2.00-2.11(2H. m), 2.70-2.78(4H, m), 7.15-7.21 (3H. m). 7.49-7.54(1 H. m). 7,59(1H. s). 
7.65-7.69(1 H, m). 7.86-7.90(1 H, app-dd, J=1 .7Hz. 7.7Hz), 8.36-8.39(1 H, app-dd. J=1 .7Hz. 4.7Hz), 8.49-8.51 (2H. app- 
d. J=:5.8Hz). 8.54-8.55(1 H, m), 8.70-8.72(1 H, app-dd, J=1.7Hz. 4.9Hz). 



Example 24 

1 -(3-Nltrophenvl)-3-[3-(1 -oxypyridln-4-yi)-propyl]-1 ,8-naphthyridin-2(1 H)-one 

[0106] To a solution of 1 -(3-nitrophenyl)-3-[3-(pyridln-4-yl)-propyl]-1 .8-naphthyridin-2(1 H)-one (200mg, 0.52mmol. 
obtained In Example 8) in CHCI3 (20ml) was added dropwise a solution of m-chloropertDenzoic acid (purity 70%, 
127.5mg, 1 .0 eq.) In CHCI3 (4ml) while ice cooling, and a solution of m-chloroperbenzoic acid (purity 70%, 25.5mg, 
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0,2 eq,) in CHCIs (1ml) was further added dropwise three times while monitoring the reaction by TLC. The organic 
layerwas treated according to conventional techniques, evaporated, purified through silica gel column chromatography, 
and then recrystallized from DMF to give 1-(3-nitrophenyl)-3-[3-(1-oxypyridin-4-yl)propyl]-1,8-naphthyridin-2(1H)-one 
(134.1 mg). mp 247 to 249*»C/DIVIF (yield 64%). 

NMR(CDCl3) 5 : 1.98-2,09(2H. m), 2.70-2.78(4H, m), 7.14-7.16(2H. app-d, J=6.9Hz). 7.19-7.24(1 H. app-dd. 
J=4.6Hz, 7.6Hz), 7.63(1 H, s). 7.63-7.67(1 H. m). 7.73-7.79(1 H, app-t, J=7.9Hz), 7.90-7.93(1 H. app-dd. J=1.7Hz. 
7.6Hz), 8.12-8.15(2H, app-d, J=:6.9Hz). 8.19-8.20(1 H, app-t, J=2.0Hz), 8.35-8.39(2H, m). 

Example 25 

1 "(3-Cyanophenyl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one 

[0107] The procedure of Example 1 was repeated using 2-(3-cyanophenylamino)nlcotlnaldehyde (1.0 eq.), ethyl 
5-(4-pyridyl)-pentanoate (1 .2 eq., prepared in Synthetic Example 10) and LDA (1.2 eq.) to obtain 1 -(3-cyanophenyl)- 
3-[3-(pyridin-4-yl)propyl]-1,8-naphthyridin-2(1H)-one. mp 202 to 203.5*'C/DMF. 

1H NMR(CDCl3) 5 :2.02-2.13(2H. m), 2.70-2.76(2H. t, J=7.9Hz), 2.78-2. 86{2H, t, J=7.9Hz). 7,1 8-7.23(1 H, app- 
dd. J=7.9Hz, 4.9Hz). 7.31-7.32(2H. app-d, J=5.9Hz). 7,52-7.71 (6H. m). 8.37-8.40(1 H, app-dd. J=1.7Hz. 4.9Hz), 
8.52-8.55(2H. app-d. J=5.9Hz). 

Example 26 

1 -(3-Methylsulfonylphenyl)-3-[3-(pyrldln^-yl)-propyi]-1 .8-naphthyridin-2(1 H)-one 

[0108] The procedure of Example 1 was repeated using 2-(3-methylsulfonylphenylamino)nicotinaldehyde (1.0 eq.. 
prepared in Synthetic Example 20). ethyl 5-(4-pyridyl)pentanoate (1 .5 eq.. prepared in Synthetic Example 10) and LDA 
(1.5 eq.) to obtain 1 -(3-methylsulfonylphenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyrtdin-2(1 H)-one, mp 127 to 131''C/ 
AcOEt, wherein the product was purified through flash column chromatography and recrystallization. 

•«H NMR(CDCl3) 5 ; 2.00-2.11 (2H, m), 2.70-2.78(4H, m), 3.12 (3H, s), 7.15-7.17(2H, app-d, J=5.6Hz). 7.17-7.21 
(1H, app-dd. J=4.6Hz. 7.6Hz), 7.60(1 H. s), 7.59-7.63(1 H, m), 7.75-7.81 (1H, app-t, J=7.9Hz). 7.87-7.91 (2H. m). 
8.63-8.67(1 H. m). 8.35-8.37 (1H. app-dd, J=1.7Hz, 4.6Hz), 8.49-8.51 (2H. app-dd. J=1.7Hz, 4.3Hz). 

Example 27 

1 -(3-Methylsulfonylphenyl)-3-[3-(1 -oxvpyridin-4-yl)-propyll-1 .8-naphthyridin-2(1 H)-one 

[0109] In the same manner as In Example 24, 1-(3-methylsulfonylphenyl)-3-[3-(pyrldln-4-yl)propyl]-1 ,8-naphthyrjdin- 
2(1 H)-one (1 .0 eq., prepared in Example 26) was oxidized with m-chloroperbenzoic acid (3.4 eq.) to form 1 -(3-methyl- 
sulfonylphenyl)-3-[3-(1-oxypyridin-4-yl)propyl]-1,8-naphthyridin-2(lH)-one, mp 184 to 187^C/DMF-AcOEt, wherein the 
product was purified through flash column chromatography and recrystallization. 

•»H NMR(CDCl3) 5 : 1 .98-2.09(2H. m), 2.70-2.78(4H, m), 3.13 (3H. s), 7.14-7.17(2H. app-d, J=6.6Hz), 7.18-7.23 
(1H. app-dd, J=4.9Hz, 7.6Hz), 7.60-7.64(1 H, m), 7.62(1 H. s), 7.76-7.82(1 H, app-t, J=7.9Hz), 7.89-7.92(1 H, app-dd, 
J=1.7Hz, 7.9Hz). 8.04-8.07(1 H. m), 8.13-8.15(2H. app-d. J=6.9Hz), 8.36-8.38(1 H. app-dd. J=1.6Hz. 4.6Hz). 

Example 28 

1 -(3-Nitrophenyl)-3-f3-(pyridin-2-yl)propvl]-1 .8-naphthyridin-2(1 H)-one 

[0110] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nicotinaldehyde (1.0 eq.). ethyl 
5-(2-pyridyl)-pentanoate (1.5 eq., prepared in Synthetic Example 21) and LDA (1.5 eq.) to obtain 1 -(3-nltrophenyl)- 
3-[3-(pyridln-2-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one. mp 201 to 202**C/DMF, wherein the product was purified through 
flash column chromatography and recrystallization. 

1H NMR(CDCl3) 6 :2.11-2.23(2H, m), 2.76(2H. t, J=7.9Hz), 2,94 (2H, t, J=7.9Hz). 7.09-7.13(1 H, m), 7.17-7.22 
(2H. m), 7.57-7.67 (2H. m), 7.66(1H. s), 7.71-7.77(1H, app-t. J=7.9Hz), 7.88-7.92 (1H, app-dd. J=2.0Hz, 7.6Hz). 
8.-1 9-8.20(1 H. app-t. J=2.0Hz). 8.34-8.38(2H, m), 8.52-8.54(1 H. m). 
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Example 29 

1>(3-Nrtrophenvl)-3-f2-(benzothia2ol-2-yl)-ethyll-1 .8-naphthvridin-2(1H)-one 

[0111] The procedure of Example 1 was repeated using 2-(3-nitrophenylamlno)n!cotlnaldehyde (1.0 eq.). methyl 

4- (2-benzothla2olyl)butanoate (1 .5 eq.. prepared in Synthetic Example 22) and LDA (1 .5 eq.) to obtain 1 -(3-nitrophe- 
nyl)-3-[2-(benzothlazol-2-yl)ethyl]-1 ,B-naphthyriclin-2{1 H)-one, mp 1 78 to 1 79*»C/DMR wherein the product was purified 
through flash column chromatography and recrystallization. 

NIV!R(CDCl3) 5 : 3.29(2H. t, J=7.3Hz). 3.57(2H. t, J=7.3H2). 7.16-7.21 (1 H, app-dd. 4.6Hz. 7.6Hz). 7.33-7.39 
(1 H, m). 7.44-7.50(1 H, m), 7.65-7.69(1 H. m). 7.71 (1 H. s). 7.73-7.79 (1 H, app-t. J=7.9H2), 7.83-7.86(1 H. m). 7.86-7.90 
(1H. app-dd. J=1.7Hz, 7.6Hz). 7.97-8.01 (1H. m). 8.21 -8.22(1 H. app-t. J=2.0Hz), 8.36-8.40(2H. m). 

Example 30 

1 -(3-Nitrophenvl)-3-[3-(benzothlazol-2-yl)-propvlM .8-naphthyridin-2(1 H)-one 

[0112] The procedure of Example 1 was repeated using 2-(3-nitrophenylamino)nlcotlnaidehyde (1.0 eq.). methyl 

5- (2-ben2othiazolyl)pentanoate (1 .5 eq., prepared In Synthetic Example 23) and LDA (1 .5 eq.) to obtain 1 -(3-nitrophe- 
nyl)-3-[3-(benzothiazol-2-yl)propyl]-1.8-naphthyridln-2(1H)-one. mp 185 to 186'*C/DMF, wherein the product was pu- 
rified through flash column chromatography and recrystallization. 

1H NMR(CDCl3) 5 : 2.32(2H, tt, 7.6H2. 7.6H2). 2.85(2H, t. J=7.6H2). 3.26(2H. t. J=7.6Hz). 7.17-7.21 (1 H. app-dd. 
4.6Hz. 7.6Hz). 7.32-7.38(1 H. m), 7.42-7.48(1 H. m). 7.62-7.66(1 H. m). 7.67(1 H, s). 7.72-7.78 (1H. app-t. J=7.9Hz). 
7.82-7.86(1 H, m). 7.87-7.91 (1 H, app-dd. J=2.0Hz. 7.9Hz). 7.94-7.97(1 H. m). 8.1 8-8.20(1 H. app-t. J=2.0Hz), 8.34-8.38 
(2H, m). 

Example 31 

1 -(3-Nltrophenyl)-3-[3-(thiazol-2-yl)-propyl]-1 ,8-naphthyridln-2(1 H)-one 

[0113] The procedure of Example 1 was repeated using 2-(3-nitrophenylamlno)nicotlnaldehyde (1.0 eq.), ethyl 
5-(2-thiazolyl)-pentanoate (1.5 eq., prepared In Synthetic Example 24) and LDA (1.5 eq.) to obtain 1-(3-nitrophenyl)- 
3-[3-(thiazol-2-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one. mp 1 98 to 1 99'C/Di\/IF, wherein the product was purified through 
flash column chromatography and recrystallization. 

•»H NMR(CDCl3) 6 : 2.45(2H, tt, J=7.6Hz, 7.6Hz), 2.81 (2H, t, J=7.6Hz), 3.18(2H, t. J=7.6Hz), 7.18-7.23(1 H. app- 
dd, J=4.6Hz, 7.6Hz), 7.22-7.23(1 H, app-d, J=3.3Hz), 7.63-7.68(1 H. m), 7.68 (1H, s), 7.69-7.70(1 H, app-d, J=3.3Hz), 
7.72-7.78(1 H. app-t. J=7.9Hz). 7.90-7.94(1 H. app-dd. J=2.0Hz. 7.9Hz), 8.1 9-8.21 (1H. app-t, J=2.0Hz). 8.34-8.38(2H. 
m). 

[01 14] A variety of compounds covered by the general f omnula (1 ) as set forth In appended claims may be prepared 
by adoptations of the aforementioned procedures and synthetic routes and treatments as described in examples, or 
by adaptations of their modifications well known to those ordinarily skilled in the art. without necessitating extra exper- 
imentations. 

Fomnulatlon Examples 

Formulation Example 1 

[01 15] A formula for one tablet (total amount per tablet: 1 50 mg) Is given below: 



[0116] The ingredients were fomriulated into tablets by known methods according to general pharmaceutical rules 
prescribed In JPXIII. 



Compound of the present Invention 
Crystalline Cellulose 
Corn Starch 
Magnesium Stearate 



20 mg 
100 mg 
28 mg 
2mg 
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Formulation Example 2 

[01 1 7] A fomriula for one capsule (total amount per capsule: 1 80 mg) is given below: 



Compound of the present Invention 


50 


mg 


Lactose 


100 


mg 


Corn Starch 


28 


mg 


IVlagnesium Stearate 


2 


mg 



10 

[01 1 8] The ingredients were formulated into capsules by Icnown methods according to general pharmaceutical rules 
prescribed In JPXIII. 

Fomiulatlon Example 3 

[0119] The compound of the present invention (10 mg) was dissolved in 3 ml of physiological saline. The solution 
was adjusted to pH 7 with 0.1 N aqueous sodium hydroxide, to which was added physiological saline to make the total 
volume 5 ml. The resulting solution was dispensed to each ampule, and then subjected to heat sterilization to obtain 
injections. 

Fomnulation Example 4 

[0120] To a mixture of the compound of the present invention (1 g), egg yolk lecithin (1 .2 g), a-tocopherol (20 mg) 
and ascorbic acid (33 mg) was added purified water to make the total volume 1 00 ml. The resulting product was used 
as a pharmaceutical preparation for aerosols. 

Formulation Example 5 

[0121] The compound of the present invention (10 mg) was dissolved In a mixture of polyethylene glycol 300 (5.0 
30 g). N-methyl-2-pyrrolidone (1 .0 g) and Polysorbate 80 (1 .0 g). The solution was passed through a 0.2 \Lm filter and 
dispensed to each ampule to obtain injections. 

Fomnulation Example 6 

35 [0122] A fomiula for ointments is given below: 



Compound of the present Invention 
White Beeswax 
Sorbitan Sesquioleate 
Petrolatum 



1.0g 
50 g 
20 g 
30 g 



[01 23] The ingredients were f omiulated into ointments by known methods according to general phamiaceutical rules 
prescribed in JPXIII. 

Fomnulation Example 7 

[01 24] A f omnula for patches is given below: 



Compound of the present invention 
Boric Acid 

Concentrated Glycerin 



1.0 g 
lOg 
80 g 



[0125] The ingredients were blended to form a unifomn mixture, spread in cloth, and sheiped into patches (plasters). 
Inc . •: - rial Applicability 

[0126] The present invention relates to novel 1 ,8-naphthyridin-2(1 H)-one derivatives. The compounds of the present 
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Invention possess selective Inhibition of PDE IV. For Instance, the compounds selectively inhibit PDE IV predonnlnantly 
present in bronchial smooth muscle cells and inflammatory ceils, thereby leading to an elevation of cAIVIP levels In 
such ceils, with the result that It may be expected to achieve relaxation of bronchial smooth muscle and suppression 
of inflammatory cell activation. The compounds are also less toxic as compared with the prior art PDE IV Inhibitors, 
5 The present Invention provides phannaceutical compositions comprising an effective amount of the said 1 ,8-naphthy- 
rldin-2(1H)-one derivative, and also drugs for preventing or treating diseases associated with PDE IV activity. For 
example, the present invention enables the production of safer anti-asthmatlcs which possess excellent phamiacolog- 
ical properties. 

[0127] While the present Invention has been described specifically in detail with reference to certain embodiments 
10 and examples thereof. It would be apparent that It is possible to practice it in other fomns. in light of the disclosure, it 
will be understood that various modifications and variations are within the spirit and scope of the appended claims. 



Claims 

1. A compound of the formula (1): 




(CH2)m 



(1) 



wherein: 



A is an unsubstituted or optionally substituted 5 or 6 membered heteroaryl group or a fused benzene ring In 
which any of the above-defined heteroaryl groups is fused to a benzene ring, 
35 B is carbon or nitrogen, 

Ri Is hydrogen, lower all<yl, trifiuorom ethyl, hydroxy!, lower all<oxy, a residue derived from a carboxyiic acid 
or a derivative thereof, amino, or an amino nitrogen-containing group, 

R2 is hydrogen, halogen, cyano. nitro. lower alkylthio, lower aikylsuifinyl, lower alkylsulfonyl, trifluoromethyl, 
hydroxyl, lower alkoxy. a residue derived from a cariDoxylic acid or a derivative thereof, amino, or an amino 
40 nitrogen-containing group, and 

m is an Integer of from 1 to 8. both inclusive; 

or a pharmaceutically acceptable salt thereof. 

45 2. The compound according to Claim 1, wherein A is a 5 or 6 membered heteroaryl group and B is carbon; or a 
pharmaceutically acceptable salt thereof. 

3. The compound according to Claim 2. wherein A Is pyridyl, 1 -oxypyrldyl, thienyl. furyl. or thlazolyl; or a pharmaceu- 
tically acceptable salt thereof. 

50 

4. The compound according to Claim 2. wherein A is pyridyl or 1-oxypyridyl. and m is from 1 to 5. both inclusive; or 
a pharmaceutically acceptable salt thereof. 

5. The compound according to Claim 1 , wherein A is a 5 or 6 membered heteroaryl group, and B is nitrogen; or a 
55 pharmaceutically acceptable salt thereof. 

6. The compound according to Claim 5. wherein A is pyridyl, 1 -oxypyridyi. thienyl, furyl. or thlazolyl; or a phamnaceu- 
tically acceptable salt thereof. 
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7. The compound according to Claim 1 , wherein A Is a fused benzene ring in which any of the above-defined 5 or 6 
membered heteroaryl groups is fused to a benzene ring, and B is carbon; or a pharmaceutically acceptable salt 
thereof. 

8. The compound according to Claim 7, wherein A Is benzothlazolyl; or a pharmaceutically acceptable salt thereof. 

9. The compound according to Claim 1 , wherein A is a fused benzene ring in which any of the above-defined 5 or 6 
membered heteroaryl groups Is fused to a benzene ring, and B Is nitrogen; or a pharmaceutically acceptable salt 
thereof. 

10. The compound according to Claim 9. wherein A Is benzothlazolyl; or a pharmaceutically acceptable salt thereof. 

11. The compound according to any of Claims 1 to 10, wherein R"" is hydrogen or lower alkyi; or a pharmaceutically 
acceptable salt thereof. 

12. The compound according to any of Claims 1 to 11, wherein R2 is hydrogen, halogen, cyano. nitro. lower alkylthio, 
lower alkylsulfinyl, or lower atkylsulfonyl; or a pharmaceutically acceptable salt thereof. 

13.1 -(3-Nitrophenyl)-3-(pyrldin-3-ylmethyl)-1 ,8-naphthyridin-2(1 H)-one. 

14. 1 -(3-Nitrophenyl)-3-[3-(pyridln-4-yl)propyl]-1 ,8-naphthyridln-2(1 H)-one. 

15. 1 -(3-Methylthiophenyl)-3-[3-(pyridin-4-yl)-propyl]-1 ,8-naphthyridin-2(1 H)-one. 

25 16. 1 -(Pyridin-3-yl)-3-[3-(pyridin-4-yl)propyl]-1 ,8-naphthyridin-2(1 H)-one. 

17. A phamiaceutical composition which comprises an effective amount of a compound according to any of Claims 1 
to 1 6 or a pharmaceutically acceptable salt thereof in admixture with a phamiaceutically acceptable carrier. 

30 18. A phosphodiesterase IV inhibitor comprising an effective amount of a compound according to any of Claims 1 to 
1 6 or a pharmaceutically acceptable salt thereof. 

19. An anti-asthmatic comprising an effective amount of a compound according to any of Claims 1 to 1 6 or a pharma- 
ceutbally acceptable salt thereof. 

35 

20. A drug for the prophylaxis and/or treatment of at least one member selected from diseases or abnormal conditions 
related to phosphodiesterase IV activity, said drug comprising an effective amount of a compound according to 
any of Claims 1 to 16 or a pharmaceutically acceptable salt thereof. 

40 21. A drug comprising an effective amount of a compound according to any of Claims 1 to 16 or a pharmaceutically 
acceptable salt thereof, said drug for preventing and/or treating at least one disease or abnormal condition selected 
from the group consisting of: 

(1) bronchial asthma (including chronic bronchial asthma, and atopic asthma), acute bronchitis, chronk: bron- 
45 chitis, asthmatic bronchitis, pneumonic diseases, pulmonary emphysema, chronic obstructive pulmonary dis- 
ease (COPD), acute respiratory distress syndrome (ARDS), and other respiratory diseases; 

(2) atopic dermatitis, conjunctivitis, urticaria, acquired immunodefk:lency syndrome (AIDS), keloid fonmation, 
rhinitis, iridocyclitis, gingivitis, periodontitis, dentoalveolitis, gastritis, ulcerative colitis, Crohn's disease, gas- 
trointestinal ulcer, esophagitis, myositis, encephalitis (including myasthenia gravis, multiple sclerosis, and neu- 

50 ritis), hepatitis, scar tissue formation, nephritis (including proliferative nephritis), peritonitis, pleurisy scleritis, 

scleroderma, scalds or bums, and other inflammatory diseases; 

(3) osteoarthritis, gouty arthritis, rheumatoid arthritis, malignant rheumatism, psoriatic arthritis, and other sys- 
temic or local joint diseases; 

(4) reperiusion injury, graft versus host reaction, and other inflammatory conditions associated with organ 
55 transplantation; 

(5) diabetes insipkJus, urethritis, urinary incontinence, cystitis, irritable bladder, neurogenic bladder, uremia, 
urinlferous tubular disorder, pollakiuria, ischuria, and other diseases related to urination; 

(6) diseases or abnomial conditions related to tumor necrosis factor (TNF) (for example, TNF-a , etc.) and 
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other cytokines (for example, IL-1 , IL-4, lL-6, etc.), Including psoriasis, rheumatoid arthritis, ulcerative colitis, 
Crohn's disease, septicemia, septic shoclc, endotoxic shock, gram-negative bacillus sepsis, toxic shock syn- 
drome, nephritis, hepatitis, infection (bacteria and viruses), circulatory failure (heart failure, arteriosclerosis, 
myocardial infarction, cerebral apoplexy), and the like; 

(7) malignant tumors, leukemia, proliferative denmal diseases (keratosis and various types of dermatitides), 
connective tissue diseases and other proliferative diseases; 

(8) impaired learning, memory and recognition related to neurodegenerative disorders such as Alzheimer's 
disease and Parkinson's disease, multiple lateral sclerosis, senile dementia, amyotrophic lateral sclerosis, 
acute demyelinating neuritis, muscular dystrophy, and other diseases related to nervous function abnomnallty; 

(9) manic-depressive psychosis, schizoid, anxiety, panic, and other diseases related to abnonmality of mental 
functions; 

(10) cardiac arrest, spinal cord Injury, intemnittent claudication, Ischemic diseases (angina pectoris, cardiac 
infarction, cerebral apoplexy, head Injury, etc.) and diseases demanding protection of nerves and cells; 

(11) diabetic retinopathy, diabetic nephropathy, diabetic neurosis, amyloidosis, pancreatitis, thyroiditis, obesity, 
prostatomegaly, and other endocrine diseases including diabetes; 

(12) systemic lupus erythematosus (SLE), atrophic gastritis, thyroid diseases, glomerular nephritis, orchitis, 
adrenal diseases, hemolytic anemia, oophoritis, and other autoimmune diseases; 

(13) hypertension, angina pectoris, heart failure, myocarditis, external epicarditis, endocarditis, valvulitis, and 
other cardiovascular diseases; 

(14) angiitis, aneurysm, endoangiosis, thromboangiitis, granulomatosis, cerebrovascular angiitis, arterioscle- 
rosis, periangitis, leukopenia, thrombocytopenia, Boeck's sarcoid, and other vessel and blood system diseas- 
es; 

(15) contact dermatitis, serum sickness, drug allergy, Goodpasture's syndrome, lymphoma, rheumatic fever, 
AIDS, anaphylactic shock and other diseases related to immune reactions or allergic responses; and 

(16) other diseases, disorders or abnomrial states, including glaucoma, spastic paralysis, impotence, diseases 
or illness accompanied with pain (contusion, headache, etc.), neck-shoulder-ann syndrome, nephropathy, 
renal insufficiency, hepatic insufficiency, obesity, etc. 

22. The drug according to Claim 20 or 21 for the prophylaxis and/or treatment of at least one disease or abnormal 
state selected from the group consisting of: 

(1) respiratory diseases selected from the group consisting of bronchial asthma including chronic bronchial 
asthma and atopic asthma; acute bronchitis; chronic bronchitis; asthmatic bronchitis; pneumonic diseases; 
pulmonary emphysema; chronic obstructive pulmonary disease; and acute respiratory distress syndrome (AR- 
DS); and 

(2) inflammatory diseases selected from the group consisting of atopic dermatitis; conjunctivitis; urticaria; ac- 
quired immunodeficiency syndrome (AIDS); keloid formation; rhinitis; iridocyclitis; gingivitis; periodontitis; den- 
toalveolitis; gastritis; ulcerative colitis; Crohn's disease; gastrointestinal ulcer; esophagitis; myositis; encepha- 
litis such as myasthenia gravis, multiple sclerosis and neuritis; hepatitis; scar tissue formation; nephritis in- 
cluding proliferative nephritis; peritonitis; pleurisy; scleritis; sclerodemna; and scalds or burns. 
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